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The Effect of Certain Organic Insecticides on the Mortality and 
Oviposition of Pink Bollworm Adults! 
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ABSTRACT 


Several organic phosphorus and chlorinated hydrocarbon in- 
secticides were evaluated according to their effect on mortality 
and oviposition of pink bollworm adults. The insecticides were 
applied as sprays to growing cotton plants, and pink bollworm 
moths were confined with each plant in a 2’X2’X2’ cage. After 
5 days mortality records were taken and the total number of 
eggs deposited on each plant was determined. 

At economical field dosages, Guthion, Guthion-DDT (1:3) 


The establishment of the pink bollworm, Pectinophora 
gossypiella (Saund.), in Central and East Texas has re- 
sulted in an intensified search for more effective insecti- 
cides to supplement the cultural control measures now in 
use. There is a need for additional knowledge concerning 
the effect of insecticides on the adult pink bollworm, since 
some workers have raised the question as to whether field 
control obtained by organic chemicals such as DDT is 
due to mortality of the moths or newly hatched larvae. 

Robertson (1948) reported that results of field cage 
tests with DDT indicated that the primary lethal effect 
was against the adult. Larval populations on plants 
treated with DDT 4 days after moth-release were reduced 
only 8% as compared with the check, but oviposition was 
reduced 88% when moths were released immediately 
after the plants were treated. Ivy et al. (1955) suggested 
that field control of pink bollworms by use of DDT was 
partly a result of adult mortality. When this investigator 
released moths on plants treated with Guthion, complete 
kill occurred within a few hours. Also, Guthion was effec- 
tive in controlling the pink bollworm in small plot field 
tests. 

During the summer of 1955, cage tests were conducted 
at College Station, Texas, to determine the efficiency of 
several organic insecticides in controlling the adult pink 
bollworm. These experiments were designed to evaluate 
the insecticides according to their effect on mortality and 
oviposition of the moths. 

MATERIALS.—Sprays used in these tests were prepared 
by mixing water with emulsifiable concentrates of each of 
the following insecticides: DDT, Guthion, toxaphene, 
dieldrin, endrin, malathion, parathion, aldrin, BHC, 
heptachlor, toxaphene-DDT (4:2) mixture, dieldrin- 
DDT (1:2) mixture and Guthion-DDT (1:3) mixture. 

DDT was used in each test as a standard for compari- 
son with the other compounds since it has been used ex- 
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mixture, DDT, and endrin were most effective in killing pink 
bollworm moths. Guthion and Guthion-DDT (1:3) mixture 
were more effective than DDT in causing a reduction of ovi- 
position and in killing pink bollworm moths. Guthion at one-half 
pound per acre resulted in 89% control and 99% reduction in 
oviposition, and the Guthion-DDT (1:3) mixture at 2 pounds 
per acre resulted in 92% control and 95% reduction in oviposi- 


tion. 


tensively in conjunction with cultural practices for con- 
trol of field infestations of the pink bollworm. 

ProcepuRE.—The insecticides listed above were di- 
vided into three groups for testing during the 13-week 
period from June 20 to September 20. One group was 
tested the first week; another group, the second week; and 
the last group was tested during the third week. This pro- 
cedure was repeated in the same order during each suc- 
ceeding 3-week period through the ninth week. The mix- 
tures containing DDT were tested during the 10th, 11th, 
and 12th weeks, and in the 13th week very low dosages of 
Guthion were tested. One group of insecticides contained 
DDT, toxaphene, Guthion and dieldrin. Another con- 
tained DDT, endrin, malathion, and parathion, and in- 
cluded in the other group were DDT, aldrin, BHC and 
heptachlor. Three replicate plants for each dosage of 
each insecticide were sprayed during these weekly tests. 
Comparable untreated checks were maintained. 

A miscible concentrate of each insecticide was applied 
as an emulsion to cotton plants growing in the field. Ten 
pink bollworm moths were caged on each treated plant 
within 2 hours after the spray was applied. Cotton plants 
were selected for uniformity of size at the beginning of 
ach weekly test and were treated with varying dosages 
of each compound beneath a settling chamber 30 inches 
in diameter and 5 feet in height. A measured dosage was 
applied at the rate of 23 gallons per acre to each plant 
through a solid cone nozzle at 60 p.s.i. and allowed to 
settle in the settling chamber for 3 minutes. The plants 
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were covered with 32-mesh screened cages measuring 2 
feet square. 

Moths for these tests were obtained from infested 
cotton material of the previous season’s crop by placing 
the infested material in screened pyramidal cages, mois- 
tening and exposing to warm conditions. Only moths 
which emerged from the cotton within the 24-hour period 
previous to the beginning of each test were used. No at- 
tempt was made to determine the sex of the moths re- 
leased in the cages. 

The moths were confined on the plants for 5 days. The 
number of dead motiis at the end of the period were re- 
corded and mortality percentages were calculated by 
Abbott’s formula. The percentages of mortality were 
transformed to probits and the dosages to logarithms for 
calculation of the dosage-mortality curves according to 
the method of Bliss (1938). Generally, a total of nine rep- 
licate plants was sprayed with each dosage of each in- 
secticide, with three or more different dosages and 270 or 
more individual moths being used to establish each dos- 
age-mortality line. 

The average number of eggs deposited per moth was 
determined by examining each plant (leaves, stems, buds, 
squares, terminals, and bolls) under a binocular micro- 
scope for pink bollworm eggs. The average number of 
eggs per moth at each dosage of each insecticide was re- 
corded. 

Resutts.—Toxicities of the insecticides 
pared only at the 50% mortality level, since toxaphene, 
BHC, aldrin, heptachlor, malathion, and the toxaphene- 
DDT (4:2) mixture required such large dosages to pro- 
duce a mortality of 80 to 90%. 

The dosage-mortality curves, figure 1, and the LD5o 
values, table 1, indicate that endrin, Guthion, parathion, 
malathion, and dieldrin were significantly more effective 
than DDT, while toxaphene-DDT (4:2) and dieldrin- 
DDT (1:2) mixtures and heptachlor were significantly 
less effective than DDT. Endrin and Guthion required 
significantly smaller dosages to kill 50% of the moths 
than any of the other compounds tested. Although there 
was no significant difference in dosage between the two 
level, increased amounts of 


were com- 


compounds at the 50% 
Guthion resulted in much greater effectiveness than in 


Table 1.—Dosage-mortality relationship of several com- 
pounds against pink bollworm moths evaluated 5 days after 
application. (Field cage tests.) 





Pounps PER ACRE OF 
ActivFE INGREDIENT AVERAGE SLOPE 
Required ror 50% Fipuctan or 


ComMPoUND MorTALITy Limits’ LINE 
DDT 0.97 t.22 1.3008 
Guthion 0.054 + .021 1.2666 
Toxaphene 1.80 +.32 2.0488 
Dieldrin 0.57 +.16 1.7400 
Endrin 0.041 + .031 0.9880 
Malathion 0.52 + .23 =0.8767 
Parathion 0.15 + .08 0.8439 
Aldrin 1.05 +.19 2.1958 
BHC Ral is 1.9887 
Heptachlor 5.66 + .88 0.5187 
Toxaphene-DDT (4:2) 2.38 +t .49 1.8721 
Dieldrin-DDT (1:2) ey + .24 2.9835 
Guthion-DDT (1:3) 0.72 +.10 2.9738 
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heavier dosages of endrin. This was also true when either 
DDT or the Guthion-DDT (1:3) mixture was compared 
with endrin. 

The phosphorus compounds, Guthion and parathion, 
were significantly more toxic to the moths than any of the 
chlorinated hydrocarbons except endrin, and oniy diel- 


Table 2.—Comparative effectiveness of several compounds 
on mortality and oviposition of pink bollworm adults. 





Per Cent 


PouNbs EGGs PER Repvuc- 

Tecu- NumBer Motu on PER TION IN 
NICAL PER Motus TREATED CENT Oviposi- 

MarTeriAL AcRE TEsTED PLANTS CONTROL TION 
DDT l 340 3.9 52.9 $1.0 
2 350 2.4 59.8 89.0 

3 350 1.4 77.4 93.5 

Guthion 0.031 90 2.8 33.6 87.0 
0.062 90 2.6 61.7 88.0 

0.125 50 3.5 66.5 83.0 

0.25 90 4.0 94.8 81.0 

0.5 90 0.1 88 .7 99.0 

l 30 0.2 74.9 99.0 

Toxaphene 1 90 9.5 29.4 55.0 
Q 90 6.4 55.2 70.0 

t 90 3.6 75.5 83.0 

Dieldrin 0.5 90 9.2 15.4 57.0 
] 90 3.7 68.9 83.0 

1.5 80 7i5 75.4 66.5 

Endrin 0.125 80 6.0 62.5 71.5 
0.25 90 2.9 85.5 86.0 

0.5 90 1.3 80.7 93.5 

Malathion 0.25 90 10.0 11.6 53.0 
0.5 90 4.5 13.3 79.0 

0.75 80 5.8 60.4 72.0 

Parathion 0.125 90 13.2 52.0 38.0 
0.25 90 1.8 18.3 65.5 

0.5 90 2.8 71.6 $7.0 

Aldrin 0.25 30 31.4 9.5 0.0 
0.5 90 12.6 24.0 40.0 

l 90 12.6 16.9 40.0 

Q 60 3.0 73.9 86.0 

BHC 0.25 20 26.0 0.0 0.0 
0.5 90 12.2 $2.2 16.0 

| 80 8.6 10.6 59.5 

2 50 1.3 73.8 80.0 

Heptachlor 0.25 30 73 27.6 65.5 
0.5 90 13.6 95.7 35.0 

| 90 18.1 38.4 14.0 

2 60 10.1 39.0 52.0 

Toxaphene- 1 80 2.9 27.8 86.0 
DDT (4:2) 2 90 5.5 37.0 71.0 
1 90 2.9 69.5 87.0 

Dieldrin- 1 90 4.1 23.4 80.0 
DDT (1:2) -¢ 90 1.4 54.7 93.0 
90 0.3 86.0 99.0 

Guthion- 0.5 90 2.2 33.9 90.0 
DDT (1:3) ] 90 0.7 63.0 97 .0 
Q 90 1.0 92.3 95.0 

Check 670 21.1 
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Fic. 2.—Bar graph showing percentages of mortality and reduction in oviposition for several organic insecticides when 
gray g gs iy £ 
used for control of pink bollworm adults. (Cp 17147 is the manufacturer’s code number for Guthion.) 
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Fic. 1.—Dosage-mortality curves for the toxicity of the following insecticides to pink bollworm adults in field cage experiments, 

College Station, Texas, 1955: (1) DDT, (2) Guthion, (3) toxaphene, (4) dieldrin, (5) endrin, (6) malathion, (7) parathion, (8) aldrin, 

(9) benzene hexachloride, (10) heptachlor, (11) toxaphene-DDT (4:2) mixture, (12) dieldrin-DDT (1:2) mixture, (13) Guthion- 
DDT (1:3) mixture. 
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drin and endrin proved as effective as malathion. 

When applied at recommended field dosages, Guthion, 
Guthion-DDT (1:3) mixture, DDT and endrin were ap- 
parently the most effective insecticides in killing pink 
bollworm moths. 

The comparative effectiveness of the several com- 
pounds on mortality and oviposition of the pink bollworm 
adults is shown in table 2 and figure 2. The use of the 
standard DDT, applied at the rate of 2 pounds per acre, 
resulted in 899% reduction in oviposition as compared 
with 99% reduction in case of Guthion applied at the rate 
of } and 1 pound per acre or the dieldrin-DDT (1:2) mix- 
ture applied at 4 pounds per acre. Oviposition was re- 
duced 97% and 95%, respectively, in those cases where 
the Guthion-DDT (1:3) mixture was applied at the rate 
of 1 and 2 pounds per acre; however, it is of interest to 
note that only 63% mortality of adults occurred at the 
rate of 1 pound per acre. The use of endrin at 0.25 and 
0.50 pound per acre resulted in adult mortality and reduc- 
tion in oviposition comparable to 2 and 3 pounds of DDT 
per acre, respectively. The data shown in table 2 indicate 
that good control of moths may be obtained by use of 
recommended dosages of Guthion, endrin and Guthion- 
DDT (1:3) mixture. The use of recommended dosages of 
aldrin, BHC and heptachlor resulted in a very small per- 
centage of mortality and only a slight reduction in ovi- 
position. 

A comparison of the different compounds in regard to 
the degree of adult mortality and the average number of 
eggs laid per moth are presented in graphic form in figure 
2. In general, an increase in dosages of most compounds 
resulted in an increase in moth mortality and a decrease 
in oviposition. Increasing the dosage of heptachlor in this 
test above 0.25 pound per acre resulted in a slight increase 
in mortality and a substantial increase in oviposition. 

Moths confined on plants treated with 1 pound of 
heptachlor per acre deposited an average of 18.1 eggs per 
moth while those in the checks deposited an average of 
21.1 eggs per moth. Only 7.3 eggs per moth were deposited 
when heptachlor was applied at the rate of 0.25 pound 
per acre. 

When moths were confined on plants treated with low 
dosages of aldrin and BHC, oviposition seemed to be 
stimulated. An average of 31.4 and 26.0 eggs per moth 
was deposited on plants treated with 0.25 pound per acre 
of aldrin and BHC respectively; however, the use of in- 
creased dosages resulted in a reduction in the average 
number of eggs laid per moth. Application of Guthion at 
the rate of 0.25 pound per acre and Guthion-DDT (1:3) 
mixture at the rate of 2 pounds per acre resulted in great- 
est control of the moths and also the greatest reduction in 
oviposition. Ninety-five per cent of the moths were killed 
and an average of only four eggs per moth was deposited 
when 0.25 pound per acre of Guthion was applied to 
plants. Guthion applied at the rate of 0.50 pound per 
acre resulted in 89% control of adults and egg production 
was reduced to 0.1 egg per moth. The application of the 
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Guthion-DDT (1:3) mixture at 2 pounds per acre re- 
sulted in 92% adult mortality and a reduction in oviposi- 
tion to only 1.0 egg per moth. 

There was only a slight difference in adult mortality 
and reduction of oviposition on plants receiving 0.50 
pound of endrin or 3 pounds of DDT per acre. Oviposi- 
tion was reduced to 1.3 eggs per moth for each of these 
treatments, and adult mortality was 77% in the DDT 
treatment and 81% in the endrin treatment. 

The data in table 2 and figure 2 indicate that at recom- 
mended field dosages Guthion and the Guthion-DDT 
(1:3) mixture are more effective than DDT in controlling 
adult pink bollworms and causing a reduction in oviposi- 
tion; also, that endrin is as efficient as DDT. Parathion, 
dieldrin, toxaphene, dieldrin-DDT (1:2) mixture, mala- 
thion, toxaphene-DDT (4:2) mixture, aldrin, BHC and 
heptachlor are not as effective as DDT in killing adult 
pink bollworms or effecting reduction in oviposition. 

Discussion.—Several chlorinated hydrocarbons, three 
phosphorous compounds and three mixtures of different 
insecticides with DDT were compared in field cage toxi- 
city tests on the mortality and oviposition of pink boll- 
worm adults. The dosages of endrin, Guthion, parathion, 
malathion, and dieldrin necessary to give the LDso were 
significantly less than of DDT, while the dosages of toxa- 
phene-DDT (4:2) mixture, dieldrin-DDT (1:2) mixture, 
and heptachlor were significantly greater. The dosages of 
Guthion and endrin at the LDs» level were significantly 
less than for the other compounds tested, but there was 
no significant difference between these materials. The use 
of increased amounts of Guthion resulted in greater ef- 
fectiveness than increased dosages of endrin. 

It is assumed that to be effective as a control measure 
against pink bollworm adults, an insecticide must, at an 
economical dosage, kill a high percentage of moths before 
oviposition can occur or inhibit oviposition to the extent 
that destructive larval populations do not develop in the 
field. Only Guthion, Guthion-DDT (1:3), DDT and 
endrin met these requirements. 

Guthion was the most effective compound tested for 
control of pink bollworm moths. The Guthion-DDT (1:3) 
mixture was also very effective and, as with the dieldrin- 
DDT (1:2) mixture, results indicate that oviposition 
might have been inhibited since low dosages of Guthion- 
DDT (1:3), mixture caused a large percentage of reduc- 
tion in oviposition and only a small percentage of moth 
mortality. 
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Field Tests of Insecticides Against Paddy Borer in 
Taiwan From 1953-56! 


Cuta-Hwa Tao, Chia-yi Agricultural Experiment Station, Taiwan, China 


ABSTRACT 


The paddy borer (Schoenobius incertulas Wik.) is a common 
and old enemy of rice in Southeastern Asia. It is more injurious 
in Taiwan than in any other country. Conservative estimates of 
the loss in yield to be expected in the field, range from 10% to 
30% annually. Field tests with three chlorinated hydrocarbon 
compounds and four organic phosphorous compounds were 
carried out for 2 years on the first crop, for 1 year on a delayed 
first crop, for 1 year on an intermediate crop and for 4 years on 
the second crop. In the experiments the insecticides tested were 


all effective against this pest, however, endrin and Guthion were 
superior to the other insecticides. Folidol, Diazinon and dieldrin 
were about equal in effectiveness. PM (parathion 25% plus 
malathion 25%) and aldrin were found to be the least effective 
against the pests. The relative effectiveness of the insecticides 
under discussion appeared to have been more or less influenced 
by population density of the borer, and local climatic condition 
and agricultural practices. 





Four species of rice borers attack rice crops in Taiwan, 
namely, the paddy borer (Schoenobius incertulas Wlk.), 
the rice stem borer (Chilo suppressalis W\k.), the purplish 
stem borer (Sesamia inferens Wlk.), and the noctuid 
moth (Spodoptera mauritia (Bdy.)). The paddy borer 
does the main damage to the rice crop in Taiwan. It is 
more injurious in Taiwan, Chia-yi and Yulin Counties 
than elsewhere because of local agricultural practices. 
There are five or six generations of borers per year and 
the young rice plants are most easily affected. Since 
there are so many more adults later in the season, the de- 
layed first crop, intermediate and second crops are more 
frequently destroyed than the first crop. Loss of rice was 
estimated at 10% to 30% annually. 

Control of the paddy borer is difficult after it has bored 
into the stem. In recent vears, some new insecticides have 
been found to give excellent results against this pest and 
have been recommended in Japan, Philippines and 
Taiwan. Experiments to find more effective materials 
were therefore carried out during 1953-56. The results 
are presented in this paper. 

1953 ExperRIMENTS.—Methods and Materials.—The 
field trials were conducted at Shang-tzu-ting in Chia-yi. 
On the second crop, three different treatments and one 
untreated plot were assigned to four replicates in ran- 
domized block experiments, the treatments consisted of 
one concentration of Folidol (46.6% % active ingredients 
of Diethyl-p-nitrophenyl thiophosphoric ester) 0.0155%, 
one concentration of dieldrin 0.025% and one concen- 
tration of aldrin 0.025% (active materials). The area of 
each treated plot was 20 sq. m., consisting of 400 hills 
per plot. The plants were spaced 20 by 25 cm. apart. The 
variety of rice used was Keng-fu No. 1 which was trans- 
planted on August 6. The emulsion sprays were applied 
on Sept. 15, 24, and Oct. 6. Since the paddy borer attacks 
the crop from the seedling stage to maturity and prevails 
throughout the whole season, the crop suffers heavy dam- 
age. Each of the three applications of each treatment 
consisted of 350 U.S. gallons of insecticidal solution per 
hectare. 

Results—All plots receiving insecticidal treatments 
were better than the untreated plot, Folidol and dieldrin 
were about equal in effectiveness against this pest, but 
aldrin gave poor control. The paddy borer infestation 


of 


was counted at 7 days before harvest by examining 150 
hills at random in each plot. It was 11.3% to 18.8% of 
infested panicles as compared with 28.8% in the un- 
treated control. The treated plots yielded significantly 
higher than the untreated plot, the rice in each treated 
plot produced 2821 to 3607 kgs. per hectare as compared 
with 1938.5 kgs. in the untreated plot as shown in table 1. 

1954 Expertments.—Methods and Materials.—The 
field trials were conducted at Chuchi in Chia-yi County. 
Five different treatments were tested on the second crop. 
In controlling this pest, 46.6% Folidol emulsion concen- 
trate, 19.5% endrin emulsion cone., 15% dieldrin emul- 
sion cone. and 50% dieldrin wettable powder were used. 
The treatments consisted of one concentration of Folidol 
0.0233%, one concentration of endrin 0.025%, one con- 
centration of dieldrin emulsion 0.025% and two concen- 
trations of dieldrin wettable powder, 0.125% and 0.25% 
active materials. Each plot was 25 sq. m., having 755 
hills. The variety of rice was Chia-nan No. 8 which was 
transplanted on July 23. The emulsion sprays were ap- 
plied on August 10 and Sept. 17 with a small type of au- 
tomatic sprayer, the rate of application early in the 


1 Accepted for publication March 1, 1958. 


Table 1.—Control of paddy borer with insecticides on 
second rice crops in 1953 and 1954 








Pappy Borer YIELD 
DAMAGE or Rice 


INSECTICIDE AND PER Per 


Cent Angle Kg./Ha. 


CENT CONCENTRATION 
1953 Experiments ' 
Folidol 0.0155 13.7 21.5 3,607.0 
Dieldrin 0.025 11.3 19. 3,576. 
Aldrin 0.025 18.8 25.5 2,821.0 
Untreated 28.8 32.5 1,938.5 
L.S.D. at 5% level 5.5 610. 
at 1% level 9. 875. 
1954 Experiments 
Folidol 0.0233 Fr; 6. 5,048 .: 
Endrin 0.025 :. 6. 5,509.! 
Dieldrin 0.025 7. 5,011. 
Dieldrin WP 0.25 1. 5,542. 
Dieldrin WP 0.125 5.5 5,381.5 
Untreated 9. $,079. 
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season was 800 liters and later in the season was 1200 
liters per hectare. 

Results.—All treatments produced significantly higher 
yields than the control. Good control of this pest was ob- 
tained with endrin and with dieldrin wettable powder, 
and these dosages were nearly equal in effectiveness 
against this pest as shown in table 1. 

1955 Exprertmments.—Methods and Materials.—The 
field trials were conducted at Taling, Chia-non and 
Chuchi in Chia-yi County. Seven different treatments 
were tested on the first crop, delayed first crop, inter- 
mediate crop, and second crop for controlling this pest 
with Folidol, endrin, dieldrin emulsion concentrates, 
dieldrin wettable powder, endrin combined with DDT, 
Folidol combined with endrin and Folidol combined 
with dieldrin E.C. In each experiment the variety of rice 
was Chia-nan No. 8 and arranged on three or four repli- 
cations in randomized blocks. The rate of application 
was the same as applied with a small type of automatic 
sprayer in 1954. 

On the first crop, the field trials were carried out in the 
Taling area. Seven different treatments and one check 
were assigned at random to each block for three replica- 
tions. The size of plot was 19 sq. m. including 380 hills, in 
which there were 20 rows having 19 hills per row, spaced 
25 by 20 em. apart. The plants were transplanted on 
Feb. 14. The emulsion sprays were applied on March 24 
and May 11. 

Results.—All treated plots showed a significant differ- 
ence over the untreated plots. Folidol combined with 
dieldrin, Fotidol combined with endrin, and endrin alone 
gave good effective results against this pest, endrin alone 
and endrin combined with DDT were not significantly 
different, but Folidol was not so effective as the other 
treatments as shown in table 2. 

On the delayed first crop, the field trials were carried 
out at Taling. The size of plot, including 625 hills, was 31 
sq. m., in which there were 25 rows having 25 hills per 
row, the plants were spaced the same distance as previ- 
ously. The treatments were applied as described above. 
The crop which was transplanted on March 21 was at- 
tacked by both the second and third generation borers. 
Applications of insecticides were made on March 11, 
June 26, and July 7. 

All treatments showed a significant difference over the 
untreated plots. Good control of this pest was obtained 
with Folidol combined with endrin, Folidol combined 
with dieldrin, and with endrin alone, but the Folidol and 
dieldrin alone were not so satisfactory in effectiveness 
against this pest, as shown in table 2. 

On the intermediate crop, the field trials were carried 
out at the Chia-non farm. The size of plot, including 900 
hills, was 36 sq. m., in which there were'50 rows having 18 
hills per row. The plants were spaced 20 by 20 cm. apart. 
The treatments were similar to that described above and 
arranged on four replications in randomized block experi- 
ments. This crop was transplanted on June 13. When the 
third generation of the paddy borer moths emerged to 
lay the egg masses on the crop, the population became 
very high and caused a great deal of damage, especially 
to the newly transplanted plants. Applications of insecti- 
cides were made on July 4, and 12 when the eggs were 
hatching and a few of the larvae were beginning to mi- 
grate. 
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Table 2.—Control of paddy borer with insecticides on 
various rice crops in 1955 and 1956. 





Pappy Borer 
DAMAGE 
INSECTICIDES AND PER 
Cent CONCENTRATION 


Per Cent Angle INDEX 
1955 
On first crop 


Folidol 0.0233 
Endrin 0.025 
Dieldrin 0.025 
Dieldrin WP 0.083 
Endrin 0.025+DDT 0.10 
Folidol 0.0117 +endrin 0.025 
Folidol 0.0117 +dieldrin 0.025 
Check 

L.S.D. at 5% level 

at 1% level 


CO ee the ohm ibe abe ode ee 
Oe 22 
2Ss C 


Somes 


3,753.6 
4,016. 
3,894. 
+, 057.6 
4,035. 
4,009.6 
3,920. 
2,944. 
636. 
886. 


Folidol 0.0233 
Endrin 0.025 
Dieldrin 0.025 
Dieldrin WP 0.083 
Endrin 0.025+DDT 0.10 
Folidol 0.0117 +Endrin 0.025 
Folidol 0.0117 +dieldrin 0.025 
Check 

L.S.D. at 5% level 

at 1% level 


cue 


ewe 


“Ss 


Folidol 0.0233 
Endrin 0.025 
Dieldrin 0.025 
Dieldrin WP 0.083 
Endrin 0.025+DDT 0.10 
Folidol 0.0117 +endrin 0.025 
Folidol 0.0117 +dieldrin 0.025 
Check 

L.S.D. at 5% level 

at 1% level 


Qs 
2, 
2, 
2, 
2, 
2,§ 
2, 
1, 


728. 
1,020. 


On second crop 


Folidol 0.0233 8.4 

PM 0.025 

Endrin 0.025 

Dieldrin 0.025 

Dieldrin WP 0.083 

Folidol 0.0117 +endrin 0.025 

Folidol 0.0117 +dieldrin 0.025 +, 880. 

Check ; 3,588. 
L.S.D. at 5% level 3.48 $85.: 

at 1% level 7 680. 


4,458. 
4,498.5 
5,006.5 
4,648. 
4,926.5 


5,157. 
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1956 


On first crop 


10. 

Il. 
8. 
7.6 


8.6 


Folidol 0.0233 

PM® 0.025 

Endrin 0.025 

Folidol 0.0117 +endrin 0.025 

PM 0.0125+endrin 0.025 

Folidol 0.0117 +dieldrin 0.025 

PM 0.0125+dieldrin 0.025 

Check 12.6 
L.S.D. at 5% level $3. 
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On second crop 


Se Sr WD or DS 


Guthion 0.02 l 
Guthion 0.04 1 
Diazinon 0.04 2 
Diazinon 0.08 1 
Folidol 0.02 1.9 
Folidol 0.04 1.0 
PM 0.02 1.9 
PM 0.04 1.0 
Check 6.2 
L.S.D. at 5% level 
at 1% level 
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® Parathion, 25%, plus malathion, 25%. 


Results.— All treated plots showed a significant differ- 
ence over the untreated plots. Good control of this pest 
was obtained with Folidol combined with endrin and with 
endrin combined with DDT, or with endrin alone as 
shown in table 2. 

On the second crop, the field trials were at the Chuclu. 
The size of plot was 56 sq. m., including 1125 hills per 
plot, in which there were 45 rows having 25 hills per row. 
The plants were spaced 25 by 20 cm. apart. The treat- 
ments were nearly similar to the former process and they 
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were arranged in three replications in randomized block 
experiments. This crop was transplanted on July 25, and 
was attacked by two generations, namely the fourth and 
fifth of the paddy borer. Applications were made on Au- 
gust 16, Sept. 13 and 23 to control the borer both in the 
early and in the later part of the season. 

All treatments showed a better yield than the un- 
treated plots. Good control of this pest was obtained 
with Folidol combined with endrin, or with dieldrin, 
and with endrin alone. There was no difference between 
the insecticides when used in combination or alone, but 
all formulations were more effective than the Folidol, 
PM (25% parathion plus 25% malathion), or dieldrin. 
The Folidol, PM, and dieldrin were about equal in their 
effectiveness against this pest (as shown in table 2), be- 
cause the adults of fourth and fifth generation were not 
abundant enough to damage the crop severely. 

1956 ExperRIMENTS.—The field trials were conducted at 
the Chia-non farm, the size of plot including 1200 hills 
was 48 sq. m., in which there were 40 rows having 30 hills 
per row. The plants were spaced 21 by 20 cm. apart. 
Seven different treatments and one untreated plot were 
assigned to four replications in randomized block experi- 
ments, the treatments consisted of Folidol, PM, endrin 
and dieldrin. The variety of rice was Chia-voh No. 242, 
which was transplanted on February 9. Applications of 
insecticides were made on March 21 and May 14, the 
rate of application early in the season and later in the 
season were similar to that used in the previous tests. 

Results.—The percentage of white panicles was not 
significantly different among the treated plots, but in 
some treatments the percentage of white panicles was 
significantly lower than in the untreated, such as when 
Folidol was combined with endrin, PM combined with 
endrin, and endrin alone. No significant differences oc- 
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curred when these insecticides were used in combination 
or when endrin was used alone. Folidol combined with 
dieldrin, PM combined with dieldrin, or PM combined 
with endrin gave significantly higher yields than the other 
treatments or the untreated plot, as shown in table 2. 

On the second crop, the field trials were carried out at 
Shang-tzu-ting in Chia-yi County. The size of plot was 
25 sq. m., including 500 hills, in which there were 20 rows 
having 75 hills per row. The plants were spaced 25 by 20 
em. apart. Eight different treatments and four untreated 
plots were assigned to four replications in randomized 
block experiments. The treatments consisted of two con- 
centrations of Folidol, 0.02%, 0.04%; two concentrations 
of Guthion, 0.02%, 0.04%; two concentrations of Dia- 
zinon, 0.04%, 0.08%; and two concentrations of PM, 
0.02%, 0.04%. The variety of rice was Chia-yoh No. 242 
which was transplanted on August 4. The paddy borers 
attacking this crop were of the fourth and fifth genera- 
tions. Sprays were made from emulsifiable concentrates 
and applied with a small type of automatic sprayer on 
Sept. 13, Oct. 1 and 5. Percentage control was based on 
the difference in number of infested panicles between 
treated and untreated plots and determined by examin- 
ing 150 hills randomly selected in each plot 7 days before 
harvest. 

The yields from treated plots were significantly higher 
than from the untreated plots. There were also significant 
differences between concentrations. The vield of rice 
from the plots receiving the higher concentration of 
Guthion was highest in this experiment. The percentage 
of infested panicles was significantly lower than in the 
untreated plot, but there was no significant difference be- 
tween the different insecticides and various concentra- 
tions. PM did not give good control of this pest in the ex- 
periments as shown in table 2. 


The Effect of Visible Spectrum Irradiation on Growth and 
Development in Several Species of Insects! 


Haroun J. Bani, University of Nebraska, Lincoln 


ABSTRACT 


German cockroach nymphs (Blattella germanica (L.)), large 
milkweed bug nymphs (Oncopeltus fasciatus (Dall.)) and adult 
spotted alfalfa aphids (Therioaphis maculata (Buckton)) were 
exposed daily for short periods to several areas of the visible 
spectrum. Daily exposures of cockroaches to light indicated that 
the longer wave lengths of light may interfere with normal 
growth. As the daily exposure time was increased, the life span 
and the mean weights decreased. Daily exposure of the milkweed 


In the class Insecta the mode of action of light has been 
investigated from several approaches. The effect of light 
on photo-period or diapause has been carefully investi- 
gated because light is one of the important stimuli which 
helps to keep insects in a morphological form most likely 
to succeed at any given time. The attractive and repellent 
qualities of various areas of the visible spectrum are fairly 
well understood and have been observed under various 
conditions. The effect on growth of the absence of light 


bugs to the longer wave lengths resulted in an increased matura- 
tion period, decreased adult weights, and fewer nymphs reaching 
the adult stage. Tests with the spotted alfalfa aphid indicated 
that short daily exposures to the longer wave lengths of light 
resulted in the birth of fewer nymphs over a period of several 
months experimentation. Consideration was given to the mecha- 
nism responsible for such growth inhibition. 


has been studied in only a few instances. With one or two 
exceptions, the effect of visible radiation on growth has 
been ignored. 

The behavior of insects subjected to exposure of vari- 
ous wavelengths in the visible spectrum has been studied 
extensively. Most of this work, however, has been con- 

1 Published with the approval of the Director as paper No. 842, Journal 
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cerned with the relative attractive or repellent aspects of 
radiation and not primarily with growth. Because an in- 
sect may be “repelled” by wave lengths of light not con- 
ducive to growth, and vice versa, it seems important to 
consider some of the pertinent references relating to this 
phenomenon. Peterson & Haeussler (1928) reported that 
the oriental peach moth, Grapholitha molesta (Busck), 
when exposed to various visible wave lengths, preferred 
the blue or violet areas of the spectrum. Few moths mi- 
grated to the red band. Headlee (1932) found that light 
from the violet end of the spectrum stimulated codling 
moths, Carpocapsa pomonella (L.), to apparently normal 
oviposition. Light from the red end of the spectrum 
tended to produce abnormal activity with limited egg lay- 
ing. In considering the stimulative efficiency of the spec- 
trum for the honey bee, Apis mellifera L., Bertholf 
(1931) disclosed that two areas are most active; one in 
the yellow-green at 553 mu and the other in the ultra 
violet at 365 mu. The relative stimulative efficiency de- 
creased from 100 at 553 mu to 0.09 at 677 mu and to 0.0 
at 698 mu. According to Kogure (1933) similar results 
were observed with the silkworm, Bombyx mori (L.). 
Violet light (350 to 510 mu) exerted the greatest photo- 
periodic activity, orange-yellow (above 550 mu) ap- 
peared only slightly active, and red was completely in- 
active. Weiss et al. (1941) tested approximately 4500 
coleopterous insects as to their reaction to various areas 
of the visible spectrum. Of these 72% reacted positively 
to one wave length or another; 339% went to the wave 
length band 470 to 528 mu (blue-blue green), 14% to 
$94 to 566 mu (yellow-green), 14% to 412 to 470 mu 
(violet-blue), 11% to 442 to 500 mu (blue), and 11% to 
wave length band 365 to 366 mu (uv). On the whole, 
much smaller percentages went to the longer wave 
lengths, 590 to 740 mu. It thus appears that in general 
the shorter wavelengths of light are more stimulative and 
attractive, whereas the longer wave lengths are consider- 
ably less stimulative and perhaps repellent in nature to 
coleopterous forms at least. 

Because darkness is the absence of light, and since light 
may effect growth, it seems worthwhile also to review the 
effects of darkness on insects. Mellanby (1940) has 
shown in studying the daily rhythm of activity of the 
oriental cockroach Blatta orientalis L., that artificial il- 
lumination of the order of 0.56 f.c. almost entirely pre- 
vented cockroaches from appearing in an otherwise dark- 
ened room. Intensity as low as 0.065 f.c. limited activity. 
Gunn (1940) demonstrated that the activity of B. orien- 
talis L. can be concentrated into any desired half of the 
day by adjusting the time of onset of the half-day’s dark- 
ness. Some factor of a more basic nature than mere be- 
havior is probably involved. Menusan (1934) found a 
direct correlation between light intensity and the total 
number of eggs laid by Bruchus obtectus Say. At 120 c.p. 
30 egys were laid, at 50 c.p. 35 eggs, at 15 ¢.p. 42 eggs, 
and in darkness 67 eggs were laid in the same time period. 
Isely & Ackerman (1923) reported that the codling moth 
laid most eggs in darkness. Thus, it appears in some spe- 
cies of insects that the mere presence of light limits ac- 
tivity and inhibits egg-laying. This could be interpreted 
as a growth inhibition of or in ovarian tissue. 

Sabrosky et al. (1933) continuously exposed the north- 
ern grouse locust, Acrydium arenosum angustum Han- 
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cock, to either “white” light from an incandescent lamp 
or violet light emanating from a mercury vapor lamp. A 
comparable series was reared in the greenhouse as the 
control. Information concerning light intensity was not 
included. An average of 42.6 nymphs were produced 
from matings under “white” light, and 38.9 from matings 
made under violet light. No progeny resulted from mat- 
ings made in the greenhouse. Mortality records on 
nymphs exposed to one of the above light treatments re- 
vealed that 41.8% died under “white” light treatment, 
30.5% under violet irradiation, and 72.1% in the con- 
trol. Sabrosky’s work shows that the shorter wave lengths 
were less lethal than those resulting from ‘“‘white”’ light. 

The effect of radiation from various areas of the spec- 
trum on plant growth and differentiation has recently 
been investigated by several workers (Hendricks 1956, 
Borthwick et al. 1954, Parker et al. 1952). Although it is 
unnecessary to review the results of this work here, it 
has been shown that under certain conditions radiations 
at the region 700 to 800 mu, just at and beyond the limit 
of the visible spectrum, can reduce germination of lettuce 
seed and promote flowering of cockleburs. This region 
has been called “‘far red” or “near-infrared.” The red re- 
gion, 640 to 660 mu, is equally important in controlling 
certain photoreactions for plants. 

Metuops aNd Mareriaus.—IJnsects—The German 
cockroach, Blattella germanica (L.), and the large milk- 
weed bug, Oncopeltus fasciatus (Dallas), were used ex- 
tensively in the following tests. The spotted alfalfa aphid, 
Therioaphis (Pterocallidium) maculata (Buckt.) and the 
American cockroach, Periplaneta americana (L.), were 
used to a lesser extent. The cockroaches and the milkweed 
bugs were obtained from homogenous cultures which 
have been maintained for over 5 years at the University 
of Nebraska. The spotted alfalfa aphid was obtained 
from a stock culture over 1 year old. 

Young cockroach nymphs of known ages were obtained 
by isolating ojthecae-bearing females in individual cages 
and subsequently recording the hatching date. It was 
usually necessary to pool the nymphs hatching from sev- 
eral ojthecae on the same date in order to obtain a suffi- 
cient number of insects for any one experiment. Although 
the newly-hatched nymphs were quite uniform in weight, 
the total combined weight of each replicate was recorded 
prior to the onset of each test. Between daily radiation 
treatments the cockroaches were maintained at 72° F. in 
l-ounce salve jars containing dog food and water. The 
tops of the salve jars were screened to allow free circula- 
tion of air and to prevent mold growth in the food. 

The milkweed bug nymphs were obtained from eggs 
hatching on the same day. These were also reared at 
72° F. in l-ounce salve jars which contained milkweed 
seeds and water. The spotted alfalfa aphids used in any 
particular experiment were taken from one stem mother 
and reared in contact with an alfalfa leaf in small, clear 
plastic cages. The aphids were heid in the greenhouse at 
approximately 75° F. 

Irradiation Apparatus.—A line drawing of the irradi- 
ation apparatus is presented in figure 1. The major di- 
mensions are indicated and the integral parts are ar- 
ranged as they were during treatment. 

The basic parts of the apparatus are the photoflood 
lamp and Jamp housing, the water filter, and the base 
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Integral parts of the irradiation apparatus. Left, X-section through entire unit; upper right, X-section through the water 


jacket; lower right, three-quarter perspective view of the base. Key to other parts: A, water outlet; B, translucent lucite filter; C, 
colored filter; D, test tube; E, opening to receive water filter; F, lucite water jacket; G, water inlet; H, water filter; I, photofloo1 
lamp; J, lamp housing; K, inner part of sample chamber; L, outer part of sample chamber. 


which contains the lucite water jacket which in turn 
holds the exposure or sample chambers. A no. 1 photo- 
flood lamp was used to allow for a wider range of light in- 
tensities than would be provided by an ordinary incan- 
descent lamp. The water filter, holding a column of water 
10 em. high, served to absorb the heat from the lamp as 
well as to filter out most of the infrared radiation. Accord- 
ing to Hollaender (1956), one centimeter of water will re- 
move practically all infrared radiation beyond 1400 mu. 
Ten em. of water absorbs all energy beyond 1150 mu. 
The water jacket was constructed of {-inch clear lucite 
having four holes at the front to receive 33 +4 in. test 
tubes which in turn held the sample chambers. A small 
hole on either side of the water jacket functioned as inlet 
and outlet openings for plastic tubing carrying the con- 
stant water supply through the jacket. A constant tem- 
perature of 13.5° C.+0.25° C. was thus maintained dur- 
ing the treatment period. The internal temperature of 
the insects was measured by inserting a thermocouple 
into the body. Readings taken over a 20-minute period in- 
dicated that the internal temperature did not vary more 
than 0.25° C. from the temperature of the treatment 
chamber. This was true regardless of the color filter used. 
Above the water jacket two slots were cut in the base as- 
sembly to hold the filters. A translucent lucite filter was 
used nearest the light source to diffuse the light before it 


passed through the color filter which was placed directly 
beneath the translucent filter. 

During light treatment the sample chambers were 
placed within the test tubes which were mounted in the 
water jacket. The sample chambers were constructed of 
clear glass tubing of two diameters such that one piece of 
tubing would fit in the other with only enough clearance 
to slide one within the other. Fine mesh plastic screen 
was cemented to one end of each of the tubes. When test 
insects were placed inside the larger of the two tubes 
with the smaller tube inserted in it, the insects could be 
held under the light source during treatment (upper right 
drawing, fig. 1). The screened openings at the tube ends 
made it quite easy to anesthetize the test insects with 
CO, following exposure before removal and replacement 
into the salve jars. The control insects were also anes- 
thetized daily to minimize differences between the 
treated and untreated insects. 

The filters were made by cementing ordinary colored 
cellophane to a thin metal frame cut from light gauge 
galvanized sheeting. The cellophane was dampened after 
the cement had set and the filters were placed away to 
dry. Upon drying, the cellophane was smooth and tight 
on the filter frame. The red filter was made of one thick- 
ness of red cellophane and had a fairly wide band pass, or 
area of maximum transmission, of from 625 mu to 675 
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mu with a maximum transmission at 630 mu. The “far 
red” filter was made of one thickness of each of the red 
and blue cellophane and had a much narrower band pass 
ranging from 740 to 760 mu with a maximum transmis- 
sion at 750 mu. The wave length characteristics were ob- 
tained from recording spectrophotometer tracings of the 
respective filters. 

In all of the laboratory experiments the intensity of 
radiation striking the insects was standardized at 50 f.c. 
This was accomplished by using a duplicate irradiation 
apparatus in which the phototube of an electronic pho- 
tometer was placed in the same position as the sample 
chamber. Various phototubes, each specifically sensitive 
to the different areas of the spectrum, were used to deter- 
mine the intensity of radiation for the several filters. Be- 
cause the several filters varied in density, a variable 
transformer was used in line with the photoflood lamp to 
adjust the output radiation to equal intensity. In the 
greenhouse experiments using the spotted alfalfa apliid, 
the light was standardized at 10 f.c. by using various wat- 
tage bulbs and adjusting the distance from light source 
to the test insects. 

Resuits.—Tests With German Cockroaches. Experi- 
ment 1.—The cockroaches used in this experiment were 
13 days old at the beginning of the test. The treatments 
consisted of 5- and 10-min. daily exposures to “far red” 
irradiation plus a control group of insects which received 
available room light only. Each treatment was com- 
prised of four replicates of five insects each. The insects 
receiving irradiation were removed daily from the holding 
jars, irradiated for the required period of time, and re- 
placed in the holding containers. Weighings of the various 
replicates were made weekly. The average weights per 
insect are presented in figure 2 and are typical results. 

During the first 3 weeks average weight differences be- 
tween treatments were slight. At the end of the fourth 
week the weight of the treated insects had increased 
slightly, whereas the control insects continued to gain 
considerable weight. By the end of the sixth week all of 
the treated insects were dead. An analysis of variance 
was carried out based on the average weights at the end 
of the fifth week. The results of this analysis indicated 
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. 2,—Growth of Blattella germanica (L.) exposed 
to “far red” irradiation, 
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that a significant difference in mean weight existed be- 
tween the control and the treated insects at the 5% level. 
The difference in mean weight between the 5- and 10- 
min. daily treatments was not significant. 

Experiment 2.—The exposure times in this experiment 
were 10 min. per day for the following treatments: “‘far 
red,” “white,” dark, and a control. The “far red” and 
control exposures have been explained above in Experi- 
ment 1. The “white” treatment consisted of ordinary ir- 
radiation from the photoflood lamp and the light strik- 
ing the insects was thus composed of light from the entire 
visible spectrum. The insects exposed to the dark treat- 
ment remained in complete darkness throughout the ex- 
perimental period except for the low intensity incidental 
light which briefly contacted them at infrequent intervals 
when food or water were supplied. The treatments were 
replicated and the insects weighed as in Experiment 1. 
Typical results for treatment under the above conditions 
are presented as growth curves in figure 3. 

During the first 2 weeks growth was similar for all 
treatments. Between the second and third weeks the 
average weights of the “far red’’-treated cockroaches 
leveled off and subsequently decreased. At the end of 4 
weeks all the “far red’’-treated insects were dead. Those 
cockroaches exposed to “white” light closely followed the 
check insects in average weights through the third week, 
then dropped below the checks. The average weights of 
the insects which remained in the dark were always great- 
er than the check insects. 

An analysis of variance conducted on the mean weights 
at the end of the third week indicated that at the 5% 
level the “far red’’-treated insects weighed significantly 
less, whereas the cockroaches kept in the dark were sig- 
nificantly heavier. This experiment was repeated four 
times with similar results. 

In another series of experiments cockroaches were ex- 
posed to the same treatment for 30 min. per day. The re- 
sults paralleled those obtained at 10 min. per day expo- 
sures except that all the “far red’’-treated insects were 


dead after 2 weeks. 
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Fic. 3.—Growth of Blattella germanica (L.) exposed to 
various wave lengths of light for 10 minutes per_day. 
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Tests With Milkweed Bugs.—In general, the results ob- 
tained using milkweed bugs as test insects were similar 
to those obtained in the cockroach experiments. The ex- 
periments were set up when the nymphs were 4 days old 
and averaged slightly less than 1 mg. each in weight. The 
nymphs were removed from the holding jars daily for 
treatment and then replaced. In all of the following ex- 
periments the treatments were replicated four times with 
either five or 10 insects per replicate. Weighings were 
made weekly to determine average weights. 

In the first experiment daily exposure time was 5 min- 
utes. The treatments used were “‘far red,” “‘white,” red, 
dark, and a check which received available room light 
only. The colored light treatments are the same as those 
previously described. After 3 weeks of daily exposure, the 
check and dark-treated insects averaged close to 50 mg., 
the “far red’’-treated insects 24 mg., and the red- and 
“white” -treated insects weighed on the average about 9 
mg. A statistical analysis of the average weights indicated 
that the check and dark-treated insects weighed signifi- 
cantly more than the other treatments at the 1% level. 
The experiment was repeated three times with similar re- 
sults. 

The experiment was repeated using treatment times of 
20 min. per day; the dark treatment was excluded. The 
resultant growth for the several treatments throughout a 
t-week period is indicated in figure 4. An analysis of the 
average weights at the end of the 4-week period showed 
that the untreated insects were significantly heavier than 
the light-treated insects. 

Similar experiments conducted at exposure times of 10 
minutes per day produced results corresponding to those 
above. Light treatments which caused slower growth 
rates during the nymphal period produced a lower per- 
centage of adults, adults with lower average weights, and 
a longer period of maturation. These data, together with 
similar data for the 5- and 20-minute daily treatment 
times. are summarized and presented in table 1. The data 
for the 5- and 10-minute experiments are averages for 
three separate experiments, whereas the data for the 20- 
minute exposures were drawn from only one experiment. 

Tests With the Spotted Alfalfa Aphid.—In order to 
broaden the scope of this work, a representative of a third 
order of insects was included. Two adult female spotted 
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Fic. 4.—Growth of Onco peltus fasciatus (Dallas) exposed to 
indicated wave lengths of light for 20 minutes per day. 
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Table 1.—Average adult age, average adult weight, and 
per cent of nymphs reaching the adult stage of Oncopelius 
fasciatus exposed to various daily light treatments for the 
times indicated. 








AVERAGE AVERAGE 
ADULT ADULT 
Datty TREAT- AGE Weieut Per Cent 
MENT TiME (min.) TREATMENT IN Days IN Ma. ADULTS 


“Far red” 35.5 Q7 4 5.0 
Red - — 0.0 
White —— — 0.0 
Dark 97. 49. 5 
Check 38. 


“Far red” 43.4 
Red 40. 
Dark 34.4 
Check 


“Far red” : 

Red 6. 35. 
White 7. 32.5 
Check 24. 49.5 





alfalfa aphids were placed in a small-leaf cage which was 
essentially the same as the one described by Maramorosch 
(1951). The aphids were held in place on the upper sur- 
face of an alfalfa leaf by the cage in such a way that they 
received direct overhead irradiation through a plastic 
screen which prevented their escape. Incandescent lamps 
provided with cellophane filters were suspended over the 
cages at distances which allowed 10 f.c. of light to strike 
the aphids. The aphids were irradiated for 30 min. per 
day using “far red,” “red,” and “white” treatments. 
The latter served as the control. With the exception of 
the treatment time, the insects were exposed to the 
usual greenhouse illumination. 

Each week counts were made in the various cages to 
determine the number of offspring produced during the 
past week. These insects were then removed and replaced 
with two new adult female aphids obtained from the 
stock culture on fresh alfalfa plants. This procedure was 
carried out for a period of 16 weeks using two cages for 
ach treatment. At the end of the 16-week period 465 
aphids were born to the females under “far red” treat- 
ment, 432 under red light exposure, and 642 from aphids 
exposed to the “white” light. An analysis of variance, 
carried out using the number of offspring produced 
weekly as replicates, indicated that in both the “far red” 
and red light treatments significantly fewer aphids were 
produced. No differences were found between the red and 
“far red” treatments. 

Discussion.—The preceding work shows that light of 
specific wave length ranges affects the natural growth 
processes in three species of insects representing three dif- 
ferent insect orders. After more than 30 experiments re- 
sults indicate that the longer wave lengths of light pro- 
duce some inhibitory effects on the normal growth habits 
and reproductive activity in several insect forms. In gen- 
eral the longer wave lengths of light are repellent—or less 
attractive—to insects than the shorter visible wave 
lengths. 

The results of these experiments indicate that the 
longer wave lengths of light, red and “far red,” are es- 
pecially inhibitory to the insects tested. In several ex- 
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periments “‘white”’ light of equal intensity appeared al- 
most as lethal as the longer wave lengths. A possible ex- 
planation for this phenomenon is that so-called “white” 
light is partially composed of these harmful longer wave 
lengths and therefore can logically be expected to produce 
a limited inhibitory response. 

German cockroaches and milkweed bugs reared in the 
dark weighed more on the average than insects from other 
treatments. These results are in agreement with those of 
Mellanby (1940), Menusan (1934), and Iseley & Acker- 
man (1923) who reported that various life processes are 
increased when certain insects remain in the dark or are 
exposed to limited amounts of light. The fact that Ger- 
man cockroaches grow better in the dark may explain in 
part their preference for darkness, but no such supposi- 
tion is valid in the case of the milkweed bug. 

The mechanism responsible for causing growth inhibi- 
tion when insects are exposed to the longer wave lengths 
is a subject for speculation. Marcovitch (1924), in a paper 
dealing with the appearance of sexual forms of the Aphid- 
idae as affected by daily light exposure, suggested that 
tissue of the central nervous system is reached by appre- 
ciable radiation from the visible spectrum under normal 
daylight. Thomsen (1952), working with the female 
blowfly, Calliphora erythrocephala Meig., pointed out that 
the median neurosecretory cells of the brain are the over- 
all controlling center of the endocrine system; the corpora 
allatum, innervated from the neurosecretory cells, influ- 
ences or controls general body metabolism and the growth 
of the ovaries and accessory glands. 

Because insects have a relatively thin cuticle and since 
the neurosecretory cells are located dorsally in the brain, 
it might be theorized that light of the longer wave lengths 
is affecting growth and development of the previously dis- 
cussed species via these neurosecretory cells. In pilot ex- 
periments conducted by the author, small pieces of cuticle 
were removed in the region of the vertex of adult Peri- 
planeta americana (L.) and replaced with red and “‘far 
red’’-colored cellophane filters. Although the filters cover 
the approximate area above the neurosecretory cells, 12- 
hour daily exposures have not produced noticeable 
changes in egg deposition or other normal life functions. 

The effect of light on growth and reproductive habits is 
not peculiar to insects. Animals of many phyla are af- 
fected by exposure to various combinations of day and 
night lengths. Hendricks (1956) presents an interesting 
review of some of the animals so affected. In general, how- 
ever, these reports dealing with vertebrates concern light 
in its broadest interpretation and do not deal with specific 
wave lengths. One exception is that of Parker et al. (1952) 
who reported that photoperiodic responses of birds and 
mammals indicate that the region of perception is in the 
region of the eye and that red incident radiation is far 
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more effective than blue. Other observations reported in 
the literature on higher animals are consistent with the 
idea that the central nervous system may be the tissue of 
perception. 
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Reproduction in DDT- and Diazinon-Treated House Flies'” 


Preston FE. Hunter, L. K. CurKomp, and A. M. Koukaria, Department of Entomology and Economic Zoology, 
University of Minnesota, St. Paul 


ABSTRACT 


The effects of sublethal doses of DDT and Diazinon were com- 
pared on a DDT-resistant (Orlando Colony I) and a susceptible 
laboratory strain of house flies. The insecticides were dissolved 
in olive oil and applied topically to adult females on two or three 
successive days before oviposition began. 

In the resistant strain the potential adult offspring was re- 
duced by 34% when DDT was used and by 21% with Diazinon. 
The reduction in population was apparent in measurements of 
the fecundity, fertility, and survival rate of the offspring. In 
addition, DD'T-treated females had about a 15% shorter life 
span than controls. The life span of Diazinon-treated females did 
not differ significantly from the untreated. 


The development of house fly resistance to chlorinated 
insecticides has been a stimulus for numerous studies on 
the biological and physiological effects of these com- 
pounds. Only a very limited number of these studies have 
dealt with the effects upon reproduction in house flies 
surviving treatments of these insecticides. 

Kilpatrick & Schoof (1956) recorded the number of 
house flies produced from privies treated with one or more 
of the following insecticides: BHC, chlordane, aldrin, 
dieldrin, or DDT. The average monthly fly emergence 
per privy for the first 4 months following treatment 
showed an increase of 100 fold in the number of adult 
flies emerging from dieldrin-treated privies although dur- 
ing this same time a slight decrease in fly emergence was 
noted in non-treated privies. Increases in fly emergence 
were also noted when BHC, chlordane, and aldrin insecti- 
cides were used; DDT treatment showed no effect upon 
the number of emerging flies. However, a continuation of 
this work the following year, 1955 (Anonymous 1956), 
showed some : crease in the average number of house 
flies per privy from DDT-treated compared with un- 
treated privies. 

Afifi & Knutson (1956) investigating the effects upon 
reproduction in house flies exposed to dieldrin in a lab- 
oratory study found that treated flies produced a greater 
number of offspring than the controls, but the difference 
was not significant. The F; progeny from these treated 
parents showed a significant increase in offspring pro- 
duction compared with their controls. 

Ascher (1957) exposed 3-day-old female house flies to 
two chlorinated compounds*® which showed a small de- 
gree of contact insecticidal action. He found that these 
compounds reduced, delayed, or prevented oviposition 
in females exposed prior to receiving milk. His report in- 
dicated that this effect was found in both resistant and 
normal fly strains. 

The only previous work of this nature using a phos- 
phorus insecticide is that of Ouye & Knutson (1957), who 
exposed house fly larvae to malathion. They found that, 
compared with flies from non-treated larvae, adults from 
treated larvae produced 12% more potential offspring, 
largely as the result of greater egg production in the first 
week of adult life. 

The present paper gives the results of an investigation 


) 
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The susceptible strain differed from the resistant strain in 
several respects. DDT-treated females showed an increase in 
fertility and fecundity; Diazinon-treated females showed an in- 
crease in fecundity but a reduction in fertility compared with 
controls. There was an 18% greater potential adult offspring 
from DDT-treated females and a 1% increase from Diazinon- 
treated females. The offspring survival rate was higher from 
DDT-treated females but lower from Diazinon-treated females. 
A comparison of the adult life span in the susceptible strain did 
not reveal significant differences as was found in the resistant 
strain. 


of the effect upon reproduction in survivors of DDT-re- 
sistant and susceptible house flies (Musca domestica L.) 
treated with DDT or Diazinon. 

Metuops anp Marertau.—Stock cultures of the two 
strains‘ were maintained in separate rooms of 83° F. 
temperature and 60% relative humidity. Larvae of both 
strains were reared in standard Chemical Specialties 
Manufacturers Association (CSMA) larval medium. The 
resistant strain was exposed to DDT in the adult stage by 
placing in the population cages small plyboard boxes 
coated with a 10% DDT-acetone solution. 

At the beginning of this study the LDs»9 values for 4- 
day-old flies treated by topical applications of DDT or 
Diazinon dissolved in olive oil were as follows: resistant 
strain 235 ug./female of DDT, 0.4ug./female of Diazinon; 
susceptible strain 1.5 ug./female of DDT and 0.4 ug. 
female of Diazinon. 

In the experiments on reproduction 3-day-old females 
were treated by topical application with DDT or Diazi- 
non dissolved in olive oil at concentrations resulting in 
approximately 50% mortality. Survivors of the initial 
treatment were retreated with the same dose level each 
day for 1 to 2 successive days making a total of two to 
three separate treatments for each fly used. Survivors of 
the final treatment were placed in 1-pint cardboard “‘ice- 
cream” containers, one female and one untreated male 
from the same culture per container. The cardboard top 
of the container was replaced with screen wire; and, in 
addition, one side of the container was provided with an 
up and down sliding door held in place by rubber bands. 
The containers were modified after those presented by 
Varzandeh et al. (1954). A small plastic cup (approxi- 
mately 1 inch deep and 1 inch in diameter) containing a 
milk and sugar solution was placed in the container 
through the sliding door. To prevent the flies from drown- 
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ing in the milk a small piece of cork slightly smaller in 
diameter than the cup was placed in the milk solution. 
Fresh milk was provided every other day. Since pre- 
liminary experiments indicated that the flies would ovi- 
posit readily in CSMA larval medium but not in the milk 
solution, a second plastic cup containing fresh CSMA 
larval medium served as an oviposition cup and was fitted 
into a hole in the bottom of the container. This provided 
an easy method of changing the oviposition cups daily 
with a minimum of work and loss of flies. 

The oviposition cups were examined for eggs under a 
binocular microscope, and the eggs laid by each female in 
ach 24 hour period recorded. Fertility records were ob- 
tained by counting the number of unhatched eggs in each 
oviposition cup 24 to 36 hours after changing the cups. At 
intervals throughout each experiment known numbers of 
newly hatched larvae from a single female were placed in 
one-half pint mason jars containing CSMA larval me- 
dium, and the resulting number of pupae and adults from 
ach jar recorded. 

Over a period of 9 months records were taken on eight 
replicates for females of the resistant strain; in four of 
these replicates the females were treated with DDT, and 
in the remaining four replicates the females were treated 
with Diazinon. At the same time seven replicates were 
completed using females of the susceptible strain—four 
replicates for DDT treated females and three for Diazinon 
treated females. The number of females in a given repli- 
cate varied from 15 to 48 making a total of 75 to 80 indi- 
viduals for each type of treatment. With each replicate 
an equal number of nontreated females were used as a 
control for the treated flies. Tests had shown that treat- 
ment with only olive oil (the solvent) produced no notice- 
abie effect compared with the non-treated controls. Ex- 
cept for the last DDT replicate of the susceptible fe- 
males, flies for the DDT and Diazinon treatments and 
the controls were taken from the same culture; therefore, 
direct comparisons can be made between the DDT- 
treated, Diazinon-treated, and control flies within a 
strain. 

For each strain records were taken on the length of 
adult life, fecundity, fertility, and offspring survival. The 
data for all replicates of the same type of treatment were 
combined and analyzed, by analysis of variance or chi 
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square tests, for differences between the treated flies and 
their controls. 

Resutts.—The more pertinent results of the analyses 
are given in tables 1 and 2. Considerable variation oc- 
curred from replicate to replicate in both strains; never- 
theless, some significant differences were found between 
the treated and control flies. 

Females of the resistant strain treated with DDT al- 
ways had a shorter adult life than either the controls or 
the Diazinon-treated flies. Although this same relation- 
ship did not occur in every replicate for the susceptible 
females treated with DDT, the combined results show a 
similar pattern (table 1). 

Fecundity was analyzed on the basis of the number of 
eggs per clutch. A clutch was considered as all eggs laid 
in one 24-hour period. The few instances in which less 
than 10 eggs were deposited in a 24-hour period were not 
treated as separate clutches in the analyses. In both 
strains the only significant difference in the mean number 
of eggs per clutch was between the Diazinon-treated fe- 
males and their controls, although the relationship was 
not the same in each case (table 1). The mean number of 
clutches per laying female determined for each type of 
treatment is included in table 1; only the DDT-treated 
females of the resistant strain showed a significant differ- 
ence from the other groups within a strain. In all groups 
the females laid eggs during approximately 55% of the 
adult life. There was no difference in the frequency of 
laying between the treated or untreated control flies in 
either strain during this laying period. 

Records for egg fertility and offspring survival are 
given in table 1. Egg fertility, expressed as the percentage 
of eggs hatching, was based on all eggs laid by females of 
sach treated group. The per cent offspring survival was 
determined from records taken for each strain on the 
number of larvae, pupae, and adults produced from 
2,000 to 4,000 eggs randomly chosen throughout the egg- 
laying period. Only minor differences in larval and pupal 
survival were found within either the resistant or sus- 
ceptible strains. In all cases the resistant strain showed a 
slightly lower larval and pupal survival than the sus- 
ceptible strain; this same relationship between strains is 
also indicated in the per cent total survival (table 1), cal- 
culated as the number of adults emerging over the num- 


Table 1.—Fecundity, fertility, survival, and estimated progeny data for combined replicates of each treatment for DDT- 


resistant and susceptible strains of house flies. 





MEAN No. or 
CLUTCHES PER 
LAYING FEMALE 


MEAN No. 
oF EGGs PER 
CLUTCH 


MEAN LENGTH 
FEMALE LIFE 
TREATMENT (Days) 


DDT 3. 5ab 
Diazinon ; 1! 9 
Control 24. 8 


Per Cent Eco 
FERTILITY 


ESTIMATED Po- 
TENTIAL ADULT 
OFFSPRING PER 

100 FEMALES 


Per CENT 
FemMALEs Lay- 
ING EGGs 


Per Cent Proc- 
ENY SURVIVAL 
TO ADULT STAGE 


DDT-resistant strain 


65.9 . Bab 
67 .3* 2 
79.3 0 


9,800 
11,608 
14,779 


Susceptible strain 


DDT 5.2 92, 
Diazinon 27.3 97 . 2 
Control 28.0 87.6 


86 . gab 4236" 
68 .3* oF i 
77.0 


38 , 988 
33 , 205 
32 ,973 





® Significant difference (P .05 or less) from untreated control females, 
b Significant difference (P .05 or less) from Diazinon-treated females. 
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ber of eggs used for rearing purposes. 

The total egg production period was divided into three 
equal periods of approximately 7 days each, and the mean 
number of eggs per clutch calculated for each period 
(table 2). The decline in the actual number of eggs laid 
per period was of the same general magnitude for the 
treated and untreated females within a strain. In both 
strains approximately 45%, 30%, and 25% of all eggs 
produced were laid in the first, second, and third periods, 
respectively. 

The egg fertility for the three periods is also given in 
table 2. In the resistant strain treatment appeared to re- 
duce fertility immediately to a level which was main- 
tained throughout the egg production period. In the sus- 
ceptible strain a somewhat different picture was found in 
that DDT-treated females had a higher fertility through- 
out compared with the controls while Diazinon-treated 
females showed a very sharp drop in fertility by the 
eighth day following treatment. 

In order to check for any differential mortality in the 
preadult stages, records were taken on the number of 
males and females produced by the treated and control 
flies of each strain. Chi square tests showed no significant 
deviations from a 50:50 sex ratio for the DDT-treated or 
control flies of either strain. However, Diazinon-treated 
females of the susceptible strain produced significantly 
fewer female than male offspring (44.79% females) indi- 
‘ating a higher female mortality in the preadult stages. 
The reverse was found in the resistant strain where 
Diazinon-treated females produced significantly more fe- 
male offspring (53.3% females) indicating a_ slightly 
higher preadult male mortality. 

From records taken for offspring survival it was pos- 
sible to calculate the average number of adult progeny 
actually produced per parent female. From this, estimates 
were made as to the number of adult progeny 100 treated 
or control females would produce, keeping in mind that 
all 100 females would not produce offspring (see table 1— 
per cent females laying eggs). Estimates of the potential 
adult offspring per 100 females are given in table 1. 

Discusston.—In this investigation the females of the 
resistant strain treated with DDT produced 34% fewer 
potential adult offspring than untreated females. Females 
of this same strain treated with Diazinon produced 21% 
fewer potential adult offspring. In both cases the de- 
creases in production of offspring can be attributed to a 
general reduction in all stages of reproduction in the 
treated flies. 

The effect upon reproduction following sublethal expo- 
sure to a widely used insecticide has apparently not been 
studied previously for the entire female life span in resist- 
ant house flies. The work of Ascher (1957), mentioned 
above, approaches this problem; however, in that study 
the chemicals used were not highly insecticidal although 
they showed synergistic properties against resistant flies 
when combined with DDT (Tahori 1955). The effect on 
oviposition has been noted (Anonymous 1956) during the 
first 24 hours following exposure for resistant and suscep- 
tible flies exposed to DDT and other insecticides. In this 
case susceptible females treated with DDT laid signifi- 
cantly more eggs; whereas DDT-treated resistant fe- 
males showed no significant difference from their con- 
trols. There is no evidence to indicate that this period 
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Table 2.—Total egg laying time divided into three equal 
periods with mean number of eggs per clutch and per cent 
egg fertility for each period for two strains of house flies. 








Per Cent Eaa Fertinitry 
FoR TureE Lay- 
ING PERIops 


MEAN No. or Eaas Per 
Cuts ror THREE 
Layine Periops 


TREATMENT 1 2 3 2 


DDT-resistant strain 
DDT 89.4 76.4 67.9 i. 49. 
Diazinon 85.2 76.9 63.6 8. 68.5 
Control 92.0 76.3 68.9 : 73.$ 


Susceptible strain 
DDT 105.4 90.1 79.4 é 89. 
Diazinon 108.0 97.4 81.7 82. 56.1 
Control 101.9 86.8 71.9 s 79.3 





® Significant difference (P .05 or less) from untreated control females, 
» Significant difference (P .05 or less) from Diazinon-treated females. 


of observation would give an accurate picture of the 
fecundity for the remainder of the female life. 

A number of earlier studies have been concerned with 
the effects of sublethal doses in non-resistant insects. 
Some phase of reproduction, especially fecundity, has 
been reduced, for example, in Drosophila melanogaster 
Meig. (Tattersfield & Kerridge 1955) following sublethal 
exposure to DDT; similar reports of a lowering of repro- 
duction have been made for Tribolium confusum Duy. 
(Loschiavo 1955) and in more detail by Taher (1957). 
The work of DeCoursey & Webster (1952) and De- 
Coursey et al. (1953) with mosquitoes might be men- 
tioned; however, these studies are not comparable to 
those given above as they used lethal concentrations of 
DDT and the effect upon reproduction was based only on 
the 24-hour period following exposure. 

Our results for the susceptible strain are in contrast to 
those of the resistant strain. Sublethal doses of DDT or 
Diazinon resulted in an increased reproduction compared 
with untreated females. 

The potential adult offspring production for Diazinon- 
treated females was only 1% above that of the controls. 
This increase is due almost exclusively to the greater 
number of eggs per clutch laid by these females. In rela- 
tion to’ the controls the increase in egg production was 
somewhat higher for the last two laying periods than for 
the first laving period (table 2). 

The potential adult offspring production for susceptible 
females treated with DDT was 18% above that of the 
controls. This increase occurred in all phases of reprodue- 
tion studied. As indicated above several reports from the 
literature show a decrease in reproduction following ex- 
posure of non-resistant insects to DDT. Reports of a 
stimulating effect on reproduction following direct appli- 
cation of DDT are not common. Probably the mest pro- 
nounced increase of this nature was that reported by 
Hueck et al. (1952) who found increases up to 50% in 
offspring production in the European red mite (Panony- 
chus ulmi (Koch.)) exposed to DDT. In studies with an- 
other chlorinated insecticide Knutson (1955), using 
Drosophila melanogaster, and Afifi & Knutson (1956), 
using house flies, found an increase in reproduction fol- 
lowing exposure of these insects to dieldrin. 
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Systemic Insecticides for Control of Cattle Grubs in Virginia! 


E. C. Turner, Jr., and J. A. Gatnes,? Virginia Agricultural Experiment Station, Blacksburg 


ABSTRACT 


Widespread investigations by industrial, federal and state re- 
search workers have resulted in the development of several 
systemic insecticides for control of cattle grubs, Hypoderma line- 
atum (De Vill.) and H. bovis (L.). Materials have been found 
that result in excellent control when applied orally to the animal. 
Others have shown equal effectiveness when applied dermally in 
the form of a spray. 

Investigations were carried out in Virginia during the 1957-58 
cattle grub season to evaluate these newer systemic insecticides 
applied orally and dermally. Another test was set up to deter- 
mine the most effective time to apply a systemic insecticide to 
the animal. Certain economic benefits resulting from grub con- 
trol were also investigated. 

The test using insecticides applied orally by means of a bolus 
or oblet showed that control of the cattle grubs was quite satis- 
factory using Dowco 109 (Phosphoramidothioic acid methyl, 
0-(4-terts butyl-2-chlorophenyl)0-methyl ester) (15 mg./kg.) 
and Dow ET-57 (110 mg./kg.), but Am. Cyanamid 12,880 
(0,0,dimethyl-5-(N-methylearbamoylmethyl) | phosphorodithio- 


The development of animal systemic insecticides has 
resulted in a new concept in the investigation of the con- 
trol of Hypoderma lineatum (De Vill.) and H. bovis (L.). 
One of the first reports on the use of systemics was made 
by Lindquist (1956) on the effectiveness of Dow ET-57 
against cattle grubs. Other workers including McGregor 
& Bushland (1957), Roth & Eddy (1957), and Adkins 
(1957) quickly confirmed these results. During the develop- 
ment of Dow ET-57, another insecticide, known as Bayer 
21/199, was found also to show insecticidal activity 
against cattle grubs. Smith & Richards (1954), and Rotli 


ate) (8 and 15 mg./kg.) resulted in only moderate control. The 
spray treatments resulted in excellent control of the grubs using 
either Dowco 109 or Bayer 21/199. In the timing experiment, a 
new group of animals was treated each month with an oral ap- 
plication of Dowco 109. No difference in effectiveness resulted 
due to time of application. 

The studies on the gain in weight indicated that the type of 
feeding of the animals had a great deal to do with the benefits 
that were derived from cattle grub control. The average gain in 
weight of animals which were on a winter subsistence diet showed 
no benefits resulting from the control of cattle grubs. On the 
other hand, the average gain in weight of the animals which 
were fed on a fattening or full ration showed a significant in- 
crease in the treated animals over the untreated animals. Com- 
parison of the hides of slaughtered animals that had been treated 
with systemic insecticides with the hides of untreated animals 
indicated that the use of systemic insecticides greatly reduced 
the number of grub holes and fresh scars in the hides of animals 
that were being marketed in the late winter and spring. 


& Eddy (1955) reported that Bayer 21/199 applied as a 
wash or spray, resulted in excellent control of the grubs. 
Later, Brundrett et al. (1957) found that this latter mate- 
rial, applied to animals as 0.75% spray, was amost 100% 
effective in preventing grubs from encysting in the backs 
of treated animals. 


1 Accepted for publication August 4, 1958. Partial cost of publication of 
this paper was met by the Entomology Section, Virginia Agricultural Experi- 
ment Station. 

2 Associate Professor of Entomology and Associate Professor of Animal 


Husbandry, respectively. 
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In addition to these compounds, several other insecti- 
cides have been recently developed that show promise in 
controlling cattle grubs. Two of these compounds are 
now being tested extensively by industrial, federal and 
state research workers. Hewitt et al. (1958) found that 
Am. Cyanamid 12,880 also called dimethoate (0,0, di- 
methyl-S-(N-methylearbamoylmethyl) — phosphorithio- 
ate) showed systemic activity using a mouse-mosquito, 
Aedes aegypti (L.,) test. Another material, Dowco 109 
(phosphoramidothioic acid methyl, O-(4-tert. butyl-2- 
chlorophenyl) O-methylester), also has been reported to 
have systemic activity against cattle grubs. 

Preliminary experiments were carried out during the 
1956-57 cattle grub season at Blacksburg, and Front 
Royal, Virginia, using oral applications of Dow ET-57 
(pharmaceutical grade, also called Trolene). The results 
from these experiments confirmed those reported in the 
literature. During the 1957-58 cattle grub season the 
newer systemic insecticides were evaluated both orally 
and dermally, and the proper time of the insecticide ap- 
plication for most effective control was investigated. In 
addition, it was desired to determine if certain economic 
benefits would be obtained from effective control of cattle 
grubs. 

Orat TREATMENTS.—At Blacksburg and at the Shen- 
andoah Valley Research Station, Steeles Tavern, Virginia, 
two separate tests were applied on September 26, Novem- 
ber 8, 1957, respectively, to evaluate under field condi- 
tions the effectiveness of several systemic insecticides 
applied orally to the animals. Pure-bred shorthorn, angus, 
and hereford heifer calves were used at Blacksburg and 
cross-breed beef heifer calves were used in the test at 
Steeles Tavern. All animals were approximately 7 to 9 
months of age at the time of treatment. They were care- 
fully randomized as to breed and pasture conditions and 
weighed within 1 week prior to actual application. The 
boluses were then applied in the usual manner by means 
of a balling gun. The rates of application and number of 
animals treated are shown in table 1 

Grub counts were made every 30 to 40 days during the 
-asonal appearance of the 


grub season depending on the s 
animals 


grubs. The grubs encysted on the backs of the 
were carefully plotted each month on a dorsal silhouette 
chart for each individual animal to prevent overlapping 
in counts. At the end of the last grub count, the cumula- 
tive number of grubs for each animal was then obtained. 
No attempt was made to differentiate systematically 
between the two species of grubs appearing in the backs; 
however, in preliminary investigation of the seasonal 
occurrence of the two species it was found that Hypoderma 
lineatum appeared about the middle of January and //. 
bovis appeared in early February. Statistical treatment of 
the results included the standard analysis of variance 
method and the multiple range test (Duncan 1955) for 
significance. 

The results are shown in table 1. Control of the cattle 
grubs appeared to be quite satisfactory in the treatment 
using Yowceo 109 and Dow ET-57. On the other hand, the 
treatinent using Am. Cyanamid 12,880 appeared to be 
only moderately successful in preventing the appearance 
of grubs even at the higher dosage of 15 mg./kg. body 
weight. 

Very mild toxic symptoms appeared in the animals 
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Table 1.—Field evaluation of systemic insecticides, ap- 
plied orally, for control of cattle grubs. Blacksburg and 
Steeles Tavern, Va. 1957-58. 








NUMBER OF Tora 
ANIMALS PER GRUBS PER 
TREATMENT Antmals 


TREATMENT 


"Test p: Macluhiune, Applied Sept. “a 1957» 


Dowco 109 (15 mg./kg.) 0.9) 
Dow ET-57 (110 mg./kg.) 7 3.0 
Am. Cyanamid 12,880 (8 mg./kg.) 7 6.1) | 
Check 7 12.2 
Test 2: Steele’s Tavern, Applied Noo. 8, 1957¢ 
Dowco 109 (15 mg./kg.) 16 1.3| 
Am. Cyanamid 12,880 (15 mg./kg.) 16 9.8] 
Check 16 32.4| 





® A break in the vertical line of each experiment denotes 5° 
significance between treatments. 

> Counts were made on January 8 and February 11, 1958. 

© Counts were made on January 15, February 12, and March 25, 1958. 


% level of statistical 


treated at Steeles Tavern. These symptoms appeared to 
be present in certain animals treated with both Am. 
Cyanamid 12,880 and Dowco 109. No toxic symptoms 
appeared in the animals treated earlier at Blacksburg. 

Spray TREATMENTS.—These tests were set up on beef 
steers and dairy heiers to evaluate the effeetiveness of 
certain animal systemic insecticides applied as sprays. 
The animals in these experiments were approximately 

to 9 months of age. A Hardie high presssure power 
sprayer was used to apply the spray at a pressure of 350 
pounds per square inch. All animals were thoroughly 
covered to the point of run-off using approximately 3 
quarts of spray per animal. The rates of application and 
the number of animals treated are shown in table 2. 
Counts of the number of grubs encysting in the backs of 
animals were made as previously described. 

The results (table 2). show that both Bayer 21/199 and 
Dowco 109 were quite effective in controlling cattle 
grubs. Because Dowco 109 appeared to show the most 


Table 2.—Field evaluation of systemic insecticides, ap- 
plied as sprays, for control of cattle grubs. Blacksburg, Va. 
1958-58. 





Nu MBER OF 
ANIMALS PER 
TREATMENT 


Tota Gruss 
TREATMENT PER ANIMAL® 


Test 3: Dairy Heifers, Applied October 31, 1957” , 


Dowco 109 (1% spray) 7 1! 

Bayer 21/199 (0.75% spray) 7 EL 

Check 7 26.6! 
Test 4: Beef Steers, Applied October 16, 1957 

Bayer 21/199 (0.75% spray 15 3 

Dowco 109 (1% spray) 15 8.5 

15 31.3] 


Check 





® A break in the vertical line of each experiment denotes 5% statistical 
significance between treatments. 

b Counts made on January 28, March 4, and April 19, 1958. 

¢ Counts made on January 20, February 27, and March 30, 1958, 
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Table 3.—Oral application of Dowco 109 (15 mg./kg.) to 
determine the most effective time of application. Front 
Royal, Virginia. 1957-58. 
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Table 4.—The effect of systemic insecticides on gains in 
weight of beef calves, Blacksburg and Steeles Tavern, Va, 
1957-58. 





Date or APPLICATION® 
1957 ToraL GruBs PER ANIMAL? 

August 14 

September 10 

October 8 

November 12 

December 10 

Check 


no treatment 





* Applied to seven different Shorthorn yearling heifers on the second Tuesday 
of each month except in the August treatment which was delayed 1 day. 
» Counts made January 17, February 14, and March 24, 1958. 


effective control in test three and Bayer 21/199 the most 
effective in test four, apparently there is no real difference 
indicated between the two treatments in these experi- 
ments. This is also confirmed by the test for statistical 
significance. Perhaps larger numbers of animals, all of the 
same breeding, would show a greater difference. 

Timinc ExprerimMent.—lIt was felt that the effective- 
ness of these new systemic insecticides might possibly 
be increased or decreased depending on the time of 
application to the animals. Since both species of grubs 
occur in Virginia and their seasonal occurrence does not 
coincide exactly, it was believed that possibly an optimum 
time of application could be found that would control 
both species at the most vulnerable time for the insect. 

An experiment was designed to determine the most 
effective time of application by applying Dowco 109, at 
the rate of 15 mg./kg., to seven shorthorn yearling heifers 
on the second Tuesday of each month from August 
through December. The August treatment was delayed 1 
day, otherwise all treatments were applied as scheduled. 
The cattle grub counts were made as previously explained. 

Although there appeared to be some variation in the 
results due to time of application, as shown in table 3, 
statistical analysis indicated that all treatments were 
equally effective in controlling cattle grubs. It should be 
pointed out that the grub infestation in the untreated 
animals was quite low; therefore, the conclusions from 
this experiment should be made with certain reservations. 
It is believed, however, that Dowco 109 can be applied 
with more or less equal effectiveness from August to 
December in Virginia. 

Economic Benerits ResuttinG From CatrrLe GruB 
Contro..—The advent of systemic insecticides has made 
it possible to evaluate with greater accuracy certain 
economic losses caused by cattle grubs and also to dis- 
cover the benefits that might be derived from a really 
effective control. One of the economic losses caused by 
cattle grubs is a loss in weight gain efficacy. It was desired 
to determine if control of cattle grubs would result in 
increased gains in weight and under what conditions 
this would occur. To determine this, animals involved in 
Test 2 and Test 4 (see tables 1 and 2) were weighed every 
28 days from October 5, 1957, to March 27, 1957. This 
represented the weight gains for a period of 173 days.The 
animals in Test 2 were cross-breed heifer calves, and the 
animals in Test 4 were cross-breed steer calves. All of 
these animals were the same age and were pastured to- 


Toran No. AVERAGE 
Gruss PER WEIGHT 
ANIMAL Gatns* 


No. or ANI- 
MALS PER 
TREATMENT 


TREATMENT RATION 


Steers, October 16, 19.57 
Winter Ration 


Test 4: 
Bayer 21/199 15 
(0.75% spray) 


Dowco 109 15 Winter Ration 
(1% spray) 

Check 15 Winter Ration 31.3 
Test 2: Heifers, November 8, 1957 


Dowco 109 16 Full Ration 
(15 mg./kg.) 


Am. Cyanamid 12,880 16 Full Ration 
(15 mg./kg.) 


Check 16 Full Ration 





® From October 5, 1957, to March 27, 1958. 


gether during the adult “Heel fly’ season. They were then 
separated according to sex in October after the adult fly 
season and just prior to the insecticide treatments. 

After the animals were separated, the steers (Test 2) 
were fed on a winter subsistence diet consisting of a ground 
mixture of 40 lbs. hay, 50 Ibs. corn, and 10 Ibs. of 10% oil 
meal; they were also given a small amount of silage and 
loose mixed alfalfa and grass hay. These steers were not 
in a finished condition at the time of the last weighing. 

The heifers (Test 4) were full fed a fattening ration in 
order to have them in a finished condition for slaughter in 
April and June. This full ration consisted of 2 pounds 
grain, 6 pounds average quality mixed hay, and 1 pound 
cottonseed meal initially, and was periodically increased 
to 14 pounds grain, 8 pounds silage, 2 pounds hay and 

} pound cottonseed meal at the end. 

The feeding treatment was the only major difference, 
other than, sex, in the two groups of animals. 

To minimize the possibility of the effect of the in- 
secticide treatment on the control of other internal para- 
sites which might also affect gains in weight, all of the 
animals were treated with phenothiazine in late Novem- 
ber, 1957. 

The results are shown in table 4. The average gains in 
weight of the steers (Test 4), which were on the winter 
subsistence ration, showed no benefits from the control of 
cattle grubs. The average gains in weight of the heifers 
(Test 2) which were fed on the full ration, showed an in- 
crease in the treated animals over the untreated animals. 
This increase was significant at the 5% level. 

It is concluded, within the limitations of these data, 
that benefits from gain in weight are not likely to occur in 
grub-free animals that are not being finished for slaughter. 
On the other hand, it is believed that definite increases in 
weight can be expected from grub-free animals that are on 
full feed as compared with grub-infested animals. When 
one is full-feeding animals in an attempt to obtain the 
maximum gains in weight, it is likely that the effect of 
any external or internal parasite will be distinctive if 
the infestation is heavy. 

Another loss caused by cattle grubs involves the dam- 
age to the hides. Since the use of systemic insecticides 
prevents the appearance of grubs in the backs of treated 
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animals, the hides from such animals would be expected 
to have fewer blemishes due to cattle grubs. The heifer 
calves used in the Steeles Tavern Esperiment (Test 2) 
were slaughtered in the late spring of 1958. Half of them 
were killed on April 22 and the other half were killed on 
June 10. The over-all number of grub holes and fresh grub 
cars from each hide was counted on the slaughter house 
floor. Although there was a difference of about 1} months 
between the two kills, the results of the average number 
of holes and sears per hide were about the same in both 
cases and were therefore combined. 

The average number of grub holes and fresh scars per 
hide was as follows: Dowco 109 treatment—0.7; Am. 
Cyanamid 12,880 treatment—7.6; and the untreated 
checks—25.3. In general, the average number of grub 
holes and fresh sears per hide was slightly less than the 
number of grubs found encysting in the backs of live 
animals (see table 1). These slightly lower averages were 
probably due to the presence of fat on the hide which 
made accurate counting rather difficult. Only the most 
obvious holes and scars were counted. 

These results show that treatment of beef cattle with 
certain systemic insecticides will reduce the number of 
holes and sears (hide damage) caused by cattle grubs en- 
eysting in the backs of animals being slaughtered during 
the grub season. This may result in increased value of the 
hides. 
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Sheep Ked Control in Oregon Farm Flocks' 


ABSTRACT 


A high level of sheep ked control in western Oregon farm flocks 
resulted from applications of 1.5% dieldrin dust at rates of about 
2 ounces per head by means of a hand operated rotary duster. 

Post-treatment re-infestation due to mingling of treated and 
untreated flocks was found to materially reduce the effectiveness 
of the treatment, while the effect of either three or six untreated 
sheep on the quality of ked control in a flock was less apparent. 

Little difference could be detected in the effects of applications 
made during each of three portions of the yearly flock manage- 
ment cycle. Under western Oregon management conditions, 
treatments after the last fat lamb has been selected from the 
flock in the fall and before the flock or the remaining lambs go 
on winter feed, are thought most likely to result in minimum res- 


idues in slaughter lambs. 


Since the initial work reported by Matthysse (1945) on 
power dusting of feeder lambs for control of the sheep 
ked, Melophagus ovinus (L.), most of the emphasis on the 
use of dusts against this pest has been on applications by 
power to relatively large numbers of sheep. In the portion 
of Oregon west of the Cascade Mountains there is a size- 
able sheep industry whose annual income last year was 
estimated at near 6 million dollars. It is composed mainly 
of numerous small farm flocks in which power dusting 


R. L. Gouupine, Oregon Agricultural Experiment Station, Corvallis 





would be impractical. For this reason, to secure the ad- 
vantages of the high level of effectiveness of 1.5% dieldrin 
dust and the simplicity and safety of the dusting opera- 
tion (Pfadt & DeFoliart 1957) for the farm flock owner in 
this region, a series of trials was conducted to determine 
the usefulness of the hand-operated, rotary type garden 
duster in applying this material. 

Meruop or Appiication.—Two preliminary trials 
were sufficient to show that from an operational stand- 
point application of 1.5% dieldrin dust by means of a 
rotary duster to the medium wool type sheep typical of 
western Oregon flocks was quite practical. Panel pens or 
other enclosures of not less than 125 square feet and’ com- 
monly of about 250 square feet were used in subsequent 
trials to contain from 10 to 20 sheep to be treated at a 
single time. A Hudson “806” Duster was employed in 
most of these trials. 

During the course of each treatment dust was applied 
to the sheep until puffs of the material could be raised on 
the backs and flanks of any sheep by striking the wool 
with the flat of the hand. This criterion of acceptable 
coverage resulted in an average expenditure of 2.1 ounces 
of dust per sheep per flock in the 15 flocks and 1,605 head 


1 Accepted for publication January 24, 1958. 
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treated. The range was 1.5 to 3.0 ounces of dust per sheep 
per flock with a coefficient of variation of 9.5%. 

SAMPLING Trecunique.—The sampling method em- 
ployed was similar to that described by Muma et al. (1952). 
The numbers of adults and pupae found in 10 vertical 
fleece separations of about 8 inches in length constituted 
a sample of the total ked population on each animal ob- 
served. The separations were distributed on the throat, 
down along a shoulder and across the ribs, loin and rump 
to terminate at the crutch. These counts were not com- 
pared with counts of the total number of keds to be found 
on randomly selected lambs as was reported by Muma et 
al. (1952) and later by Nelson & Slen (1953). Both these 
papers report very close correlation between total counts 
and fleece separation sample counts. 

Initially the sample unit, regardless of flock size, con- 
sisted of five ewes and five lambs, if they were present. It 
had been observed that there was very little apparent dif- 
ference in variability in counts in this size sample and 
that found in samples of 10 animals. The final counts in 
each trial, however, were made on 20 randomly selected 
lambs and 20 ewes, if present. It is doubtful if these larger 
samples increased the reliability of the population esti- 
mate by any appreciable degree. This idea is supported by 
a comparison of ked counts from 6-month-old lambs in 
nine separate flocks where sample sizes were as follows: 
4, 5, 5, 5, 6, 10, 10, 20 and 20 lambs per flock. There was 
no evidence for correlation between numbers of lambs per 
sample and size of sample means which ranged from 5.0 to 
20.5 ked per lamb. Coefficients of variation for each sam- 
ple ranged from 18 to 116% with an average of 73%. The 
correlation coefficient for per cent variation and sample 
size was 0.17, which does not suggest any less variability 
in the larger samples. These observations compare with 
those of MacLeod (1948) on total ked population counts 
in nine flocks where sample size varied from 6 to 20 sheep. 
Here the coefficients of variation ranged from 31 to 80% 
with an average of 51%. The correlation coefficient for 
per cent variation and sample size appears to be about 

0.056. 

Each flock was given a pretreatment sampling and then 
treated a single time. The order of sampling and treat- 
ment is indicated in table 1. Lambs and available ewes of 
all flocks were given a final post-treatment sampling with- 
in 1 to 3 weeks following shearing of the ewes. This took 
place in May and June of 1957 except in the case of flock 
number 1 which was shorn in March. Earlier post-treat- 
ment samplings were made in July and February in the 
flocks treated just after shearing. The flocks treated in 
September and those treated in December were given pre- 
liminary post-treatment examinations in February and 
March. 

Untreated controls consisted of the pretreatment 
counts made at three intervals during the year. In addi- 
tion, a sample of 20 lambs was drawn from each of three 
untreated flocks at shearing time in June, 1957. 

ResuLts AND Discussion.—A summary of treatments 
and sampling data appears in table 1. The data indicate 
that with the possible exception of four of the 15 treat- 
ments, the effectiveness of 1.5% dieldrin dust applied as 
described was very high. The effects of these treatments 
are reflected as much as a year after treatment in the ked 
population levels on lambs in June. The partial failures 
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Table 1.—Sheep ked control levels with 1.5% dieldrin 
dust cone by means of a hand-operated rotary duster. 








Avanses No. ‘fee AND Pur PAE 


After Treatment 
(June 1957) 


Before ——— 
NumBer Treatment Per Cent Post TREATMENT 
Flock OF Lambs EXPOSURE To 
rE wes Lambs Ewes L. ambs Infested 


No. Heap Re- INFESTATION 


Flocks treated just after shearing ewes, April June, 1956 


1 164 1.0 4.0° 0.8 o> 0 6 ewes untreated 
2 23 0 0° b 2.5 82 With untreated flock 
3 127 0.8 48 — 08° $0 None 
$ 115 0 11.2 0 0.1? 6 None 
5 54 0.7 16.2 0 0 0 None 
6 318 8. 32 0.1 10 None 
Average! 1.2 8.3 0 0.2 11 
Flocks treated at end of summer pasture cycle, September 1956 
7 76 1.2 0.3» 15 3 rams untreated 
8 82 3.8 0 0 0 None 
9 102 1.3 20.5 - 1.0 25 None 
10 168 0.6 8.5 mm @ 0 None 
11 122 0.2 5.0 O 0 0 None 
Average Le i.e 0 0.3 6 
Flocks treated prior to lambing, December 1956 
12 83 28.4 - - 1.9> 45 With untreated flock 
18 29 14.8 b 9.6 5 None 
14 27 5.4 0 0 None 
15 115 13.6 0 0 0 None 
Average 11.3 0.2 2 
Untreated flocks at shearing time, June 1957 
16 65 11.6 100 
17 122 14.1 100 
18 148 16.5 100 





® DDT dust used the previous spring. 

> One or more of five head were infested on a preceding post-treatment ex- 
amination, 

© Lindane dust used the previous winter. 

© Average of flocks not exposed to re-infestation. 


occurring in flocks 2 and 12, whose 20-lamb samples aver- 
aged 2.5 ked and 1.9 ked, seensitively, are each associated 
with post-treatment intermingling with untreated flocks. 
Two other possible failures occurred in flocks 3 and 9 and 
are more than likely the result of faulty application. None 
of these so-called failures appear large when compared 
with the 100% infestation rates and ked averages of 11.6, 
14.1 and 16.5 occurring in untreated flocks 16, 17 and 18, 
respectively. 

The effect of season.—There is little evidence that 
treatments made during any one of the three seasonal 
intervals resulted in any higher ked control levels on 
lambs in June. When the four flocks known to have been 
exposed to untreated sheep after treatment are excluded 
from consideration, the ked averages for the three groups 
of treatments are nearly the same. There are, however, 
small apparent differences in infestation rates. Eleven 
per cent of the 80 lambs sampled i in flocks 3 through 6, 
which were treated in the spring, were found infested, 
while 6% of the lambs from flocks 8 through 11, treated in 
September, had one or more ked. The three flocks treated 
in December, numbers 13, 14, and 15 in table 1, had an 
infestation level of only one lamb in 60. No observations 
were made that suggest these differences are due to any- 
thing other than the differences in time available to the 
affected ked populations in the three different groups of 
treatments for recovery. 

Effect of exposure to re-infestation after treatment.— 
Both of the flocks in which conspicuous partial failures 
occurred were each intermingled with an untreated flock 
following treatment. Flock 2 was treated in May of 1956 
at which time no ked were observed on any of the five 
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ewes or five lambs examined. Absence of ked in the sam- 
ples was most likely due to a treatment with lindane dust 
early in the preceding winter. About 3 weeks following 
the application of dieldrin this flock was pastured with a 
larger untreated flock until just before lambing in De- 
cember. When examined in February, 1956, five ewes 
were found to have an average of 3.2 ked while no ked 
were observed in a sample of five of the young, short- 
fleeced lambs. In June, after the ewes were shorn, an aver- 
age of 2.5 ked were found in the 17 large, well-fleeced 
lambs remaining in this small flock. 

Flock 12, one of four treated prior to lambing in De- 
cember, was accidentally intermingled with an untreated 
flock for about 3 days during the latter part of lambing 
about 6 weeks after treatment. Although the pretreat- 
ment average of 28.4 ked in a sample of five ewes from 
this flock was higher than that found in any of the other 
flocks, nothing was observed other than post-treatment 
exposure to account for the average of 1.9 ked per lamb 
and 45% infestation rate in the 20 lambs sampled the fol- 
lowing June. 

In addition to post-treatment exposure to re-infesta- 
tion due to mingling of flocks, six ewes in flock 1 and 
three rams in flock 7 were not available at time of treat- 
ment but were returned to their flocks a few days later. 
Flock 1, with its six untreated ewes, had to be given its 
final post-treatment examination in mid-April before 
being turned out on spring range and at this time the 
lambs were still quite young and short-fleeced. For this 
reason these observations are not likely to be comparable 
to those made on lambs from the other five flocks treated 
in the spring of 1956. The average of 0.8 ked per freshly 
shorn ewe is close to the 1.0 average recorded just prior 
to treatment the year before. In the case of flock 7, 
treated in September of 1956, the presence of three un- 
treated rams does not appear to have had a marked 
effect upon the outcome of the treatment. 

These observations suggest that exposure of flocks 
after treatment to large numbers of untreated sheep may 
considerably reduce the effectiveness of the application. 
While the inclusion of a small number of untreated sheep 
is obviously undesirable, they might be tolerated if an- 
nual treatment is planned for the flock. 

Residue considerations.—While timing of the treatment 
may not be of great importance in this control technique, 
it becomes important when the problem of dieldrin resi- 
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dues in slaughtered lambs is considered. If western 
Oregon pasture-fattened lambs are to be sold for slaughter 
they usually begin moving to market after mid-April and 
may continue to be removed from some flocks until 
October. Since many of the early fat lambs are ready for 
market shortly after shearing time in May and June or in 
the weeks that follow, treatment of these flocks at this 
time may not be safe. 

Pfadt & Ryff (1955) found that residues of dieldrin ac- 
cruing in sheep from applications by power duster were 
less than the 0.1 p.p.m. sensitivity level of the analytical 
method in all tissues taken 86 days after treatment. If 
this information can be applied to the problem at hand, it 
would appear that the safest time for treatment of farm 
flocks containing lambs destined for slaughter should be 
in the later summer or early fall after the last pasture-fat- 
tened lambs and any cull ewes have been removed from 
the flock. An application at this time would be most 
likely to assure at least a 90-day interval between treat- 
ment and earliest slaughter. If the remaining lambs are 
not sold as feeders they go on some type of dry feed or 
winter pasture management either alone or with the rest 
of the flock. Those not held as replacements would be un- 
likely to be ready for slaughter within 90 days. For the 
same reason feeder lambs, usually purchased in late sum- 
mer or early fall for fattening on rye grass pasture or in 
dry lots, should not present any residue problems if they 
are treated within a short time after purchase. 
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Biology of the McDaniel Mite, Tetranychus mcdanieli 
McGregor in Utah' 


Geraup L. Nretsen, State Department of Agriculture, State College, New Mexico 


ABSTRACT 


In recent years the McDaniel mite has become a serious pest 
of fruit trees in Utah. This mite has been collected on most 
varieties of fruit trees in all the major fruit growing areas of 
Utah. In addition to these fruit tree hosts, it has been found on 
many weeds occurring in the cover crops of the orchards. These 
mites overwintered as orange-colored adult females under the 
bark or in the soil at the base of the fruit trees. Upon emerging in 
the spring they went either to the young leaves at the base of the 
fruit trees or began feeding on weed hosts. The life stages of this 
mite include the egg, larva, protonymph, deutonymph, and 
adult. During hot weather the mites required only about 8 days 
to develop from eggs to adults. 

In the field, temperature had a marked effect on the rate at 


Prior to the initiation of this study in 1956 no informa- 
tion was available concerning the biology of the Me- 
Daniel mite, although the biology of certain other related 
species had been investigated. Lamiman published on the 
life history and biology of the Pacific mite, Tetranychus 
pacificus McG. in 1935. Cagle published on the life history 
of the spider mite, Tetranychus schoenei McG. in 1943, on 
the life history of the two-spotted mite, Tetranychus 
telarius (L.) in 1949, and on the life history of the Atlantic 
spider mite, Tetranychus atlanticus McG. in 1956. Mal- 
colm (1955) published a bulletin on the biology and con- 
trol of the timothy mite, Oligonychus pratensis (Banks). 

Distripution.—Tetranychus medanieli was first found 
and described from raspberry in Michigan, in 1931. It was 
not recognized in any other state until 1948 when it was 
taken from raspberry at Lakota, Utah, by G. F. Knowl- 
ton. This was the first report of the McDaniel mite being 
a pest in Utah. 

Pritchard & Baker (1955) stated that this species was 
then known to be a serious pest of deciduous fruit trees in 
the northwestern United States and that they had studied 
collections from British Columbia, Washington, Utah, 
California, Montana, North Dakota, Michigan, and New 
York. ° 

In Utah, the McDaniel mite has been collected by G. F. 
Knowlton on raspberry at Lakota (1948), on apple at 
Riverton (1949), on raspberry at Garden City, Lakota, 
Pleasant Grove, Provo, and Orem (1954), on Mountain 
Ash at Pioneer Park, Salt Lake City (1954); by D. W. 
Davis, G. F. Knowlton, and G. L. Nielsen on apple at 
Roy (1955); by T. Tibbetts at Moab on squash (1955); by 
D. W. Davis and G. L. Nielsen during the summer of 
1956 on sweet cherry and raspberry at Orem, on apple at 
Santaquin, New Harmony, and Nephi; by G. L. Nielsen 
during the summer of 1956 on apple at Orem, Santaquin, 
Joseph. Roy, Sunset, Bountiful, Farmington, and Dewey- 
ville, on sweet cherry at Mapleton and Riverdale, on sour 
cherry at Willard, on raspberry at Garden City, on 
prune at Clearfield, Bountiful, and Deweyville, and on 
apricot at Willard. During the summer of 1957 this mite 
was collected on apple at Parowan, Torrey, and Fruita, 
as well as on prune at Parowan. 


which the McDaniel mite reproduced. If the weather became 
cold after the mites had become established the populations 
would remain almost constant until the temperature rose again, 
Laboratory experiments showed that there was a definite correla- 
tion between the number of eggs laid daily and the minimum 
daily temperature. Temperature had a marked effect on the 
duration of the preovipositional and ovipositional periods, the 
number of eggs laid daily, and the total number of eggs laid per 
female. The optimum temperature for the production of eggs 
appeared to be between 29° and 32° C. The host plants used 
influenced the development of the mites, the duration of the 
preovipositional and ovipositional periods, the number of eggs 
laid, and the proportion of mites failing to reach maturity. 


Host PLants.—The McDaniel mite was first collected 
from raspberries in Michigan during 1930. Pritchard & 
Baker (1955) reported the McDaniel mite to be a pest of 
apple, plum, prune, and raspberry. In the field survey 
work conducted throughout the major fruit growing areas 
of the state, during the summers of 1956 and 1957, this 
mite was also found to attack sweet cherries, sour cherries, 
apricots and peaches. In 1956 it was also found feeding on 
milkweed, Asclepias speciosa, and wild lettuce, Lactuca 
serriola, On May 8, 1957, the McDaniel mite was noted 
feeding on asparagus and wild buckwheat, Polygamus 
convolvulus. On June 14, 1957, heavy populations were 
found on cheeses or running mallow, Malva rotundifolia; 
curled dock, Rumex crispus; cocklebur, XNanthium orien- 
tale; bushy knotweed, Polygonum ramosissimum; and 
giant ragweed, Ambrosia trifida. On June 20, 1957, popu- 
lations of the mite were found on ragweed, Ambrosia 
artemisiaefolia; Jim Hill mustard, Sisymbrium_ altissi- 
mum; black medic, Medicago lupulina; alfalfa, Medicago 
sativa; and red clover, Trifolium pratense. 

In experimental work carried on in the laboratory, it 
was found that the McDaniel mite would also feed and 
reproduce on cotton, bean, and Maheleb cherry leaves. 
However, mortality was very high on these hosts. The 
mites produced fewer eggs per female and lived a much 
shorter time than when they were placed on preferred 
host plants. 

Nature OF Damace.—Field observations indicated 
that when the population had just started to build up, 
the McDaniel mite occurred most abundantly on the 
underside of the apple leaves. As the eggs began to hatch 
and the mites became more numerous they tended to 
spread over both the upper and the lower surfaces of the 
leaves. When the mites reached the terminal leaves, they 
congregated on the upper surface wherever the leaves 
were curled, providing a protected area, instead of re- 
maining on the exposed surface. On cherry trees they also 
congregated mostly on the upper surface of the curled 
leaves. 

1 The information presented in this paper was obtained in partial fulfillment 


of the requirements for the Ph.D. degree at Utah State University. Accepted for 
publication February 24, 1958. 
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Both immature and adult mites were capable of spin- 
ning large amounts of webbing. When the infestation was 
severe, the leaves appeared matted together with the web- 
bing made by the mites. The mites laid most of their eggs 
on the leaves underneath the webbing or within the web- 
bing itself. This webbing in addition to being a place for 
oviposition, served as a means of protection against some 
of the natural enemies of the mites. 

The withdrawal of the plant juices and chlorophyll 
from the cells of the leaves produced a stippled appear- 
ance on the leaves wherever the mites had been feeding. 
Heavy populations caused a reduction in the effective 
leaf surface; eventually the leaf turned brown and drop- 
ped. The extent of the injury depended on climatic con- 
ditions, susceptibility and vigor of the host, and the num- 
ber of natural enemies present. More severe injury seemed 
to occur during hot dry weather. Heavily infested trees 
were easily recognized from a distance, as the leaves were 
brown and the tree had a scorched appearance resulting 
from the loss of chlorophyll and the mites’ webbing with 
the wind-blown dust it had collected. 

Sraces oF Lire Cycir.—The stages of T. medanieli 
consist of the egg, larva, protonymph, deutonymph, and 
adult. 

Egg.—The eggs were spherical in shape and about 0.13 
mm. in diameter. When first laid they were clear, trans- 
parent, and had a glistening, pearly appearance. As in- 
cubation continued the eggs became darker, until just 
before hatching they were a dull ivory color, and were 
somewhat distorted in shape. The red eyespots were 
clearly visible. The eggs were laid either on the surface of 
the leaves or among the webbing. 

Larva.—The larvae upon emerging from the egg were 
about the size of the egg and had three pairs of legs. They 
were light in color or almost colorless until they started 
feeding. As they began feeding they became green in 
color. The larvae became somewhat longer than wide as 
they continued feeding. The duration of feeding depended 
toa large extent on the temperature. After the larvae had 
fed for 12 to 36 hours they became quiescent. The quies- 
cent larvae averaged 0.20 mm. in length and 0.13 mm. 
in width. While in quiescence two pairs of legs were 
pointed anteriorly and a single pair pointed posteriorly. 
Prior to molting the larvae became a much duller ivory 
color due to the loosening of the old cuticle. 

Protonymph.—The protonymphs were larger than the 
larvae and had four pairs of legs. Two pairs of legs arose 
at the location of the single posteriorly pointed pair. The 
protonvmphs were oval and generally dark green. After 
feeding for 12 to 36 hours the protonymphs became quies- 
cent. The quiescent females averaged 0.25 mm. in length 
and 0.15 mm. in width, whereas the males were 0.22 mm. 
in length and 0.14 mm. in width. 

Deutonymph.—The deutonymphs followed the molt of 
the quiescent protonymphs. They were usually green in 
color, depending somewhat on the host upon which they 
were feeding. Toward the end of this stage the males and 
the females could be distinguished readily. The males 
Were somewhat smaller than the females and their abdo- 
mens were slender and tapered. The deutonymphs fed for 
12 to 36 hours before becoming quiescent. During quies- 
cence the females averaged 0.35 mm. in length and 0.21 
mm. in width. The males were 0.28 mm. in length and 
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0.14 mm. in width. The molt following this stage gave rise 
to the adult. 

Adult.—The adult females were much larger than the 
males (0.44 mm. in length and 0.21 mm. in width) and 
they were oval-shaped. The males were smaller, averaging 
0.29 mm. in length and 0.14 mm. in width. They were 
much more active than the females. The males usually 
molted first, sought out a female, and waited for her to 
molt. Copulation usually took place shortly after the fe- 
female molted. The color of the adults varied consider- 
ably with the host plant, the condition of the leaves of the 
host plant, and the time of the year. Dark spots were 
often visible within the digestive tract of the mites. 

Lire Cycie.—It is generally known that the mites 
overwinter as adult females. These females are a dark 
orange color when they begin to leave the branches in the 
fall and move down toward the trunk of the tree. Most of 
these mites overwinter under the bark of the trunk just 
below the ground level or in the soil and debris at the base 
of the tree. In order to obtain information as to the rela- 
tive number of mites overwintering near the surface and 
below the surface, soil samples were taken near the sur- 
face and at a depth of about 6 inches. No marked 
difference was found between the number of mites near 
the surface and at the 6-inch level. 

The mites, however, did not always go into the soil. In 
the Pettingill orchard at Willard the soil was sandy and 
no covercrop was present. Under these conditions the 
sprinkling system had made a hard crust on the surface, 
which apparently prevented the mites from getting down 
among the sand particles. Therefore, the mites had made 
a mass of continuous webbing under the sour cherry trees. 
Wherever a few leaves had fallen or there was a little pro- 
tective debris, the mites were massed in enormous num- 
bers. In the Claudius Tolman orchard at Honeyville, very 
few mites went completely to the base of the trees and 
into the soil or under the bark; instead they massed in 
great numbers in webbing at the crotches of the apple 
trees. In the Terry orchard at Sunset, many of the females 
took on the typical orange color, but instead of descend- 
ing from the leaves and fruit, many remained in the web- 
bing made on the fruit. When this orchard was checked 
on December 1, 1956, a few of the mites in the webbing at 
the calyx end of the apples were still alive, but were very 
sluggish because of the cool temperature. When the apples 
were again checked in February, these mites were all 
dead. 

In the spring the females came out of the ground or 
from under the bark and either went to the foliage grow- 
ing at the base or the lower branches of such fruit trees as 
apple, sour cherry, and sweet cherry, or they began feed- 
ing on such weeds as milkweed, wild buckwheat, aspar- 
agus, wild lettuce, curled dock and cocklebur. As the fe- 
males began to feed, the typical orange color of the over- 
wintering forms disappeared. They became light to dark 
green. Under favorable environmental conditions they be- 
gan to lay their eggs within a few days after taking on this 
green color. The climatic conditions had a marked effect 
on how soon these mites emerged and began to feed on the 
foliage. Some of the females had emerged, begun to feed, 
and deposited some eggs by April 26, 1956, but no imma- 
ture forms were observed at that time. During the 1957 
season a relatively small number of mites were found in 
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Table 1.—Effect of temperature on development* of the 
McDaniel mite from egg to adult. 





INcuBA- 
TION Quies- Proro- Quies- Devto- Quirs- 


DEGREES 
, Periop LARVA CENT NYMPH CENT NYMPH CENT 


Tora. 


20 
Male 5.§ ss .6 6 4 2.6 15.5 
Female 6. + 1.7 2 8 $.1 


25 
Male 


Female 


29 
Male 


Female 


32 
Male 


Female 


35 
Male 
Female 





® Average number of days. 


the trees April 30, but no eggs were observed until May 3. 

The mites hatching from the eggs laid by the over- 
wintering females were light in color, often green with 
black or dark spots on their bodies. Both males and fe- 
males developed from the eggs of the overwintering fe- 
males, which indicated that at least some of the over- 
wintering females had been fertilized in the fall, since all 
the males die in the fall and the unfertilized females 
produce only males. The fertilized females produce both 
males and females. Of 110 mites reared from the eggs laid 
by overwintering females, 61 were females and 49 were 
males, 

Up to the middle of May, during both 1956 and 1957, 
very few adults were observed on the foliage of the fruit 
trees. This is probably due to the fact that the overwinter- 
ing females had emerged, laid their eggs and then died as a 
result of the heavy rain during the first part of May; also 
due to predators, and other natural causes. There was no 
indication that the females returned to the cover crop to 
feed once they had gone into the lower branches of the 
fruit trees. The cool weather tended to increase the in- 
cubation period and the time required to complete the 
larval and nymphal stages. By the middle of June 1956 
and during the first part of July 1957, the McDaniel mite 
had begun to build up in some of the orchards in which 
there had been a heavy population the preceding season. 
When conditions were unfavorable for oviposition many 
overwintered females remained alive for several months 
after they emerged from the soil. Mites collected in soil 
samples on March 25 and placed in a refrigerator were 
found still alive and capable of laying eggs when placed on 
cherry plants on August 8. It is possible that they may be 
able to live even longer, but further investigations were 
not made. 

NuMBER OF GENERATIONS.—No field experiments were 
conducted to determine the number of generations per 
year, but data obtained in the laboratory indicated that 
there are probably seven to nine generations of the 
McDaniel mite in Utah, depending on the locality and 
other limiting environmental conditions. In cooler 
weather, the development was very slow, but during the 
hot days of July and August, it was much more rapid. 

The duration of the developmental time was greatly af- 
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fected by the temperature. As the temperature increased 
to the optimum, the duration decreased. Table 1 presents 
the data obtained on the duration of development from 
egg to adult for males and females at five different con- 
trolled temperatures. Development from eggs to adults 
varied from 16.3 days at 20 degrees to 6.3 days at 35 de. 
grees. 

Orner Lasporatory Stupies.—Duration of — preovi- 
positional Period.—Temperature also affected the dura- 
tion of the preovipositional period. The maximum dura. 
tion was 2.6 days at 20 degrees and the minimum was 0.6 
day at 29 degrees; at 25 degrees the average was 1,] 
days. As the temperature increased the duration of the 
preovipositional periods decreased until the temperature 
reached 29 degrees, after which it increased as the tem. 
perature increased, averaging 0.8 day at 32 degrees and 
1.0 day at 35 degrees. Although the average total num. 
ber of days necessary to complete development from egg 
to adult was less at 35 degrees than at the other tempera- 
tures used, the preovipositional period was longer at 35 
degrees than at 29 or 32 degrees. 

Duration of Ovipositional Period.—Cool temperatures, 
which decreased the number of eggs laid per day, tended 
to increase the duration of the ovipositional period; and 
as the temperature increased, the ovipositional period de- 
creased. The duration of the ovipositional periods of the 
first and second generations are tabulated below and 
were shorter in the first generation than in the second. 
Average Number of Days 
aC. @ Cc. 82°C. 3G 


14.3 14.2 5 
21.1 18.1 10.0 


Generation 


14.7 
17.2 


First 
Second 

Individual differences appeared to have more effect on 
the duration of the ovipositional period than the tempera- 
ture, within the range of the temperatures used in the 
second generation. 

The McDaniel mite was unable to survive when placed 
in a temperature cabinet at 40° C. and died within 1 or 2 
days without depositing eggs. The developmental time 
was shorter at 35 degrees than at 29 or 32 degrees. At 35 
degrees, fewer eggs were laid per female, the ovipositional 
period was shorter, the preovipositional period was 
longer, and the mortality of the immature and adult mites 
was higher than at 29 or 32 degrees. The optimum tem- 
perature in the laboratory was apparently between 29 
and 32 degrees C. Projecting this information and using 
field observations, it appears that the greatest damage to 
fruit trees would also occur at this optimum temperature. 
At cooler temperatures the developmental time is in- 
creased and fewer eggs are laid. At higher temperatures, 
in spite of the greater number of generations produced, 
fewer eggs are laid per female and there is a high rate of 
mortality. 

Effect of Host Plant on Duration of Ovipositional 
Period.—The host plant had a pronounced influence on 
the duration of the ovipositional periods. The average 
duration of the ovipositional periods on the seven host 
plants used are presented in table 2. There was a definite 
correlation between the duration of the ovipositional 
periods and the average number of eggs laid. The mites 
placed on sweet cherry, sour cherry, Delicious apple, and 
prune leaves laid the greater average number of eggs and 
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Table 2.—Effects of host plants on the number of eggs 
deposited, duration of developmental time, and per cent 
mortality of the McDaniel mite. 








De.t- CHERRY 
cious ApRI- — 
Pracu coT Sour Sweet PruNeE 


Pear APPLE 


—_—_— 


Average number of egys laid at 32° C. 


Maximum 78 87 87 102 119 176 134 
Minimum 16 39 20 23 46 69 33 
Average 50.6 69.0 54.6 55.3 85.0 119.1 72.1 
Average number of days required for mites to mature at 32° C. 
Male 9.0 1.5 : 7.9 8.0 7.8 
Female 8.0 1 Py i 9.0 7.9 8.0 8.3 
Average number of days in preovipositional period at 32° C, 
1.5 1.2 1.8 0.6 1.0 0.8 


Average number of days of ovipositional period at 32° C, 
13.1 ee 11.0 31.3 16.6 18.0 13.9 





Per cent mortality failing to reach maturity 
55.6 1 62.5 12.4 $3.3 14.3 











also had longer ovipositional periods than the mites 
placed on pear, peach, and apricot leaves. 

Number of Eggs Laid—The minimum daily temper- 
ature had a greater effect on the number of eggs laid than 
the average daily temperature. When the females were 
placed in a room with fluctuating temperatures, the num- 
ber of eggs laid per day was definitely correlated with the 
minimum daily temperature. When the minimum daily 
temperature decreased, the average daily number of eggs 
also decreased and as the minimum daily temperature 
rose the average number of eggs likewise increased. At a 
minimum temperature of 20° to 27° C., the females laid 
an average of 5.5 to 6 eggs per day; at a minimum tem- 
perature of 15 to 20 degrees, the average number of eggs 
laid per day was 4 to 5.5; and at a minimum temperature 
of 10 to 15 degrees, the average number of eggs was 2 to 4. 

In experiments conducted in constant temperature 
cabinets, it was found that temperature had a marked 
effect on the number of eggs laid daily and on the total 
number of eggs laid per female as shown in table 3. 

At 25 and 32 degrees, the average total number of eggs 
laid by the second generation was much higher than the 
number laid by the first generation. At 25 degrees the 
average number of eggs per female was almost 31 eggs 
higher for the second generation than it was for the first 
generation. At 32 degrees the average of the second gen- 
eration was 49 eggs greater than for the first generation. 
At 29 degrees, however, the first generation laid on the 
average about three more eggs per female than the second 
generation, which is not in agreement with the other re- 
sults. 

No comparison was made at 18 degrees in the second 
generation, because of equipment failure. Unavailability 
of a suitable temperature cabinet prevented conducting 
an experiment at 35 degrees when mites of the first gen- 
eration were available. 

The females of the first and second generations laid an 
average of 3 to 6 eggs the first day. The second day, this 
humber was increased to an average of 5 to 11 eggs, de- 
pending upon the temperature. The peak was reached 
within the first 2 to 4 days and then there was usually a 
decline in the number of eggs laid. The decline was fairly 
constant at 29 and 32 degrees in the second generation, 
hut was somewhat erratic at 25 degrees in the second gen- 


NIELSEN: BioLoGy or THE McDaniet Mitre 591 








Table 3.—Number of eggs laid by the McDaniel mite at 
controlled temperatures.* 

































18° C 25° C 29° C 32° C 
Maximum 47 97 162 127 
Minimum 17 39 45 36 
Average 32 64.8 77.8 70.9 

SECOND GENERATION 

25° C 29° C, $2° C. 35° C. 
Maximum 141 139 176 55 
Minimum 36 31 69 Q7 
Average 94.8 74.4 119.1 37.5 



















® Based on 10 females observed at each temperature. 













eration and at all three temperatures in the first genera- 
tion. From 18 to 32 degrees the average number of eggs 
per female increased with the increase in temperature. At 
35 degrees, however, the average number of eggs per fe- 
male decreased. 

The maximum number of eggs laid in 1 day by a single 
female was 15. Females of the second generation laid a 
maximum of 15 eggs in a single day at 29 and 32 degrees. 
As the temperature increased, there was a corresponding 
increase in the maximum number of eggs laid. The num- 
ber of eggs laid by the second generation was greater than 
the number laid by the first generation at the three tem- 
peratures under study. 

The optimum temperature for maximum egg produc- 
tion appeared to be between 29 and 32 degrees C. 

Temperature appeared to have more influence on the 
average number of eggs laid per female than the species 
of host plant used, as is shown in table 4. More eggs were 
laid at 32 degrees than at 35 degrees. 

Effect of Host Plant on Number of Eggs Laid.—The 
species of host plant appeared to have some effect on the 
number of eggs laid. The results of the experiment con- 
ducted in a temperature cabinet at 32° C. using seven 
host plants are presented in table 2. Sweet cherry, sour 
cherry, prune, and Delicious apple appeared to be the 
preferred hosts of the McDaniel mite in this experiment. 
Pear, peach and apricot appeared to be the less preferred, 
although the average number of eggs laid was 50 to 55 
per female on these hosts. The number of eggs laid on 
Delicious apple was lower than was expected. The apple 
leaves used in this experiment had suffered some brown 
mite injury, which may have affected these results. 

Effect of Host Plant Species on Development.—The spe- 
cies of host plant had considerable influence on the de- 






































Table 4.—Comparison of the effects of temperature and 
different species of host plants on number of eggs laid per 
female McDaniel mite. 















Host Puants 






Cherry 







Deli- 
cious Apri- — 
Decrees C. Pear Apple cot Prune Sour Sweet 
32 50.6 69.0 55.3 72.1 85.0 119.1 
35 23.8 46.2 44.6 28.3 27.0 37.5 
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velopment of the mites and affected the length of time re- 
quired to reach maturity. The effects of the host plants on 
the duration of the developmental time at 32 degrees are 
presented in table 2. The duration of the developmental 
time was longer on peach and pear leaves than it was on 
Delicious apple and apricot. 

The greatest effect of the host plant on the develop- 
ment of the mites was in the average duration of the pre- 
ovipositional period. The duration of the preoviposi- 
tional periods with the six hosts used is also presented in 
table 2. The maximum duration of the preovipositional 
period was 1.8 days on peach and the minimum 0.6 day 
on apricot. 

When the effect of the host plant on the duration of the 
developmental time and the effect of the preovipositional 
period were combined, apricot, Delicious apple, sweet and 
sour cherry required about the same amount of time, 
while peach and pear required a greater amount of time to 
develop from egg to egg-laying adult. 

Effect of Host Plant on Mortality of Mites.—The host 
plant had a definite effect on the percentage of mites fail- 
ing to reach maturity, as shown in table 2. The per cent 
mortality on pear and peach was 55.6 and 62.5, respec- 
tively. This is additional evidence that peach and pear 
are not preferred hosts of the McDaniel mite. The mor- 
tality of the mites on sour cherry was 33.3%. From these 
results it appeared that sour cherry was not nearly as 
suitable a host as apricot, Delicious apple, and sweet 
cherry, which had a mortality of 12.4%, 11.1%, and 


14.3%, respectively. From preliminary experiments con. 
ducted on sour cherry leaves, the per cent mortality was 
higher than expected. 

All plants used in the laboratory experiments appeared 
to be potential hosts of the McDaniel mite. Peach and 
pear seemed to be the least preferred, as the develop. 
mental time and preovipositional periods were longer, the 
percentage of mites failing to reach maturity was greater, 
the number of eggs laid per female was lower and the oyi- 
positional period was shorter than on preferred hosts, 
such as Delicious apple, prune, sweet cherry, and sour 
cherry. 
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Life Histories and Control of Cherry Fruit Flies 
on Vancouver Island. British Columbia! 


Joun Rarve and Harry Anpison,? Entomology Laboratory, Victoria, B. C. 


ABSTRACT 


A 6-year study showed that Rhagoletis cingulata (Loew) com- 
mences emerging on Vancouver Island about mid-June, the peak 
occurring between July 4 and 19 and most having emerged by the 
third week of July, when picking is in progress. Rhagoletis 
fausta (O.S.) emerges 3 to 4 weeks after R. cingulata and does not 
become numerous. Of puparia formed in 1954, 1.3% overwintered 
a second year; in 1955, 4%. 

Lead arsenate gave satisfactory control but left an objection- 


Both the cherry fruit fly, Rhagoletis cingulata (Loew), 
and the black cherry fruit fly, Rhagoletis fausta (O.S.), 
occur on Vancouver Island. 2. cingulata is the more abun- 
dant and destructive and is the principal pest of cherries 
in this area; the infestations have been so severe that 
often crops are not picked and all of the trees in some 
orchards have been removed. This paper reports the re- 
sults of a 6-year study conducted in commercial cherry 
orchards with special emphasis on adult emergence, 
diapause and chemical control. 

OccURRENCE IN British CoLumBiA.—Fletcher (1907) 
reported a cherry fruit fly for the first time in Canada 
from a specimen reared from sour cherries near Victoria 


able visible residue at harvest. Four sprays of 25% Diazinon 
emulsifiable liquid at 2 pt. per 100 Imperial gallons, applied at 
10-day intervals commencing June 15, gave the best control and 
appeared to be lethal to larvae within the fruit as well as to the 
adult flies. One week after the last spray Diazinon residues were 
within the U. S. and Canadian legal tolerance of 0.75 p.p.m. 
Emulsions of chlordane, methoxychlor, Perthane and malathion 


were not satisfactory. 


in 1904. This specimen was first considered to be of f. 
cingulata but was later identified as of R. fausta (Ilhing- 
worth 1912). R. cingulata was not recorded on Vancouver 
Island until Downes (1938) reported a serious outbreak 
of this species in the Victoria area. Two years later it was 
reported from the entire Saanich-Victoria district. Andi- 


1 Contribution No. 3739, Entomology Division, Science Service, Department 
of Agriculture, Ottawa, Canada. Accepted for publication January 31, 1958. 

2 Assistant Entomologist and Officer in Charge, respectively. The writers ate 
indebted to Mr. W. T. Cram and Mr. B. D. Ainscough, Associate Entomologist 
and Student Assistant, respectively, at the Victoria laboratory, for their as- 
sistance in applying sprays and collecting data, Thanks are also ext« nded to 
Dr. R. P. Gigger, Geigy Chemical Corporation, Ardsley, N. Y., and to Dr. 
J. M. McArthur and Mr. K. Williams, chemists, Entomology Laboratory, 
Summerland, B. C., for conducting Diazinon residue analysis. 
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son (1947) reported R. cingulata infesting Olivet cherries 
in the Sumas area of the Lower Fraser Valley. 

Proverbs (1953) recorded R. fausta for the first time 
from the Okanagan Valley from specimens found attack- 
ing both sweet and sour varieties of cultivated cherries in 
the Bear Creek district near Westbank ferry landing. Ac- 
cording to Proverbs this species was also reported from 
Shuswap Lake in 1936 and from Salmon Arm in 1937. In 
the Kootenays, Ruhmann (1925) reported R. fausta 
from the Boswell district near Kootenay Landing. 

Hosts.—On Vancouver Island, the most common na- 
tive wild hosts of both species are the western choke 
cherry, Prunus virginiana L. var. demissa (Nutt.) Torr., 
and the bitter cherry, Prunus emarginata (Dougl.) D. 
Dietr. R. cingulata also attacks most varieties of culti- 
vated cherries, especially the later varieties such as Lam- 
hert and Olivet. R. fausta has been reared from sour 
cherries only, although many adults of this species have 
been caught on tanglefoot-ammonium carbonate bait 
traps placed in sweet cherry orchards that had sour 
cherry trees growing nearby. 

Lire History.—On Vancouver Island, there is one 
generation of flies each year. The flies overwinter in the 
pupal stage in the soil beneath the host trees. They com- 
mence to emerge during early summer. The females lay 
eggs in the fruit about 10 days after emerging and are 
capable of Jaying in hard, green cherries. The incubation 
period is about 5 days. The larvae feed around the cherry 
pits for about 2 weeks, depending on temperature. As 
they approach maturity they make breathing holes to the 
outside. When mature, they leave the cherries through 
the breathing holes and drop to the ground, where they 
burrow to a depth of 2 to 4 inches in about 4 to 8 hours 
and pupate. 

Emergence.—Yellow tanglefoot board traps (8X12 
inches) with tins containing ammonium carbonate pow- 
der suspended beneath were used to determine time of 
emergence and abundance of adults of both species from 
1951 to 1956. Their times of emergence during this period 
were nearly constant. R. cingulata commenced to emerge 
from June 11 to 21. The peak of emergence occurred 
from July 4 to 19, some flies being captured as late as 
September 2. As indicated by Frick et al. (1954), the 
peaks of emergence tended to follow peaks in daily mean 
temperatures. The average period from first emergence to 
harvest of Bing, Lambert and Olivet cherries was 28, 37 
and 46 days, respectively. First emergence of R. cingulata 
on Vancouver Island is similar to that for Ontario 
(Caesar & Spencer 1915) but is at least 2 weeks later than 
for Washington (Frick et al. 1954) and Oregon (Jones 
1957). 

On Vancouver Island, R. fausta commenced to emerge 
from July 6 to 14, or 3 to 4 weeks later than R. cingulata. 
This is in contrast to Ontario, Washington and Oregon, 
where R. fausta emerges at least 1 week earlier than R. 
cingulata. Also, R. fausta emerges about 1 month later on 
Vancouver Island than in the Okanagan Valley (Proverbs 
1953) and Kootenay Valley (Swales 1957) of British 
Columbia. R. fausta is not an economic problem on Van- 
couver Island because it does not emerge until shortly be- 
fore picking and it never becomes numerous. 

Diapause.—Experiments were conducted from 1953 to 
1955 to determine whether any puparia remained 
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dormant for more than 1 year. In the fall of 1953, four 
replicates of 400 puparia each were planted in sifted soil 
to a depth of 2 inches and allowed to overwinter under 
natural conditions. In August of the following year the 
puparia were sifted from the soil and examined. Approxi- 
mately 85% of the puparia were recovered. Of these, 
76% were empty, 16% contained dead flies that had 
partially emerged and the remainder were turgid and 
normal in appearance. By crushing the latter it was de- 
termined that only 2% were capable of producing flies 
the following year. Dead puparia contained dark, de- 
cayed body fluid and dormant puparia contained normal, 
white body fluid. 

In September, 1953, seven shallow cages containing 
200 puparia per cage were buried to a depth of 2 inches in 
a sandy loam soil. Each cage consisted of a metal ring ap- 
proximately 6 inches in diameter and 1 inch wide with 
Saran (American Associated Companies, P.O. Box 4056, 
Atlanta 2, Georgia, U.S.A.) screen (3030 mesh) cover- 
ing the top and bottom; the plastic screen was held in 
place by an adjustable metal ring. In this manner puparia 
were protected from predators. In June, 1954, the cages 
were dug from the soil and held at the insectary until late 
August, when the puparia were sifted from the sand in 
the cages and examined. Ninety-four per cent of the 
puparia were recovered and of these, less than 1% were 
dormant. 

In 1954-55 the latter experiment was repeated, with 
four cages containing 200 puparia per cage. Ninety-seven 
per cent of the puparia were recovered and of these, 4% 
were dormant. These results indicate that only a small 
percentage overwinter for a second year. 

Controt.—On Vancouver Island, sour cherries are 
processed, and most sweet cherries are sold on the local 
fresh fruit market. Lead arsenate sprays have been used 
for many years on processed cherries to control R. cingu- 
lata, but in this low rainfall area the residue remaining on 
fresh fruit at harvest is unsightly and is a health hazard 
to the consumer. Field experiments with newer insecti- 
cides were conducted in infested cherry orchards in the 
Saanich-Victoria district. Only reliable results obtained 
in 1953 and 1956 are reported. 

Methods and materials—The flies are capable of dis- 
persing at least 300 yards (Jones 1955). The writers found 
that flies dusted with gentian violet or amaranth red bac- 
terial stain powders dispersed 35 yards within an orchard 
in 5 days and 125 yards to an adjacent cherry orchard in 
8 days. Hence, whole orchards, large blocks within an 
orchard, and single isolated trees were used for experi- 
mental purposes. Also, the work was conducted in or- 
chards that were known to be heavily infested during the 
previous season and in which trap counts of adults were 
high during the experimental season. Where possible, un- 
treated trees within 300 yards of the experimental ones 
were used as checks. 

In 1953, five materials were tested, and the rates and 
numbers of applications are given in table 1. The first 
sprays were applied between June 19 and 25, which was 
5 to 10 days after the first flies were caught in the traps. 
Sprays were applied at intervals of 7 to 10 days until 7 to 
10 days before harvest. They were applied with a hand 
gun, the sprayer being operated at 200 pounds pressure 
at the nozzle. In 1956, 25% Diazinon emulsifiable liquid 
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Table 1.—Percentages of Olivet and Lambert cherries infested at harvest with larvae of the cherry fruit fly after varioys 


sprays, commencing June 19 to 25, 1953. 





AMOUNT PER 
TREATMENT VARIETY 100 GAL. 
1 pt. 
4 lb. 
+ Ib. 
3 lb. 
2 qt. 
1 pt. 
2 qt.® 


Chlordane, 65%" Lambert 
Lead aresenate® Olivet 
Lead arsenate +derris® Olivet 


Olivet 
Olivet 
Olivet 
Lambert 
Olivet 


Methoxychlor, 25% 
Malathion, 50%! 
Perthane, 25%* 
Check 

Check 


No. 


Periop (Days) 


Between 
Sprays 


Per Cent 
Fruit INrestep! 


0.6 


From Last Spray 


SPRAYS to Harvest 


le i et 





® Based on 1400 cherries per treatment; Lambert check based on 100 cherries. 
» Emulsion supplied by Commercial Chemical Co., Vancouver, B. C. 


© Wettable powder supplied by Canadian Industries Limited, New Westminster, B. C. 


4 Rotox (4% rotonone), supplied by Rotox Ltd., Vancouver, B. C. 
© Emulsion supplied by Geigy Chemical Co., New York, N. Y. 

f Emulsion supplied by American Cyanamid Co., New York, N. Y. 
© Emulsion supplied by Rohm & Haas Co., New York, N. Y. 

4 Second application at 1 qt. per 100 Imperial gallons. 


at 2 pints per 100 Imperial gallons was applied at 10- and 
14-day intervals, commencing June 15 and 21, respec- 
tively, to heavily infested Olivet and Morello trees until 
8, 10 and 14 days before harvest. 

To determine mortality the 1953 cherry samples were 
placed on wire screening (44 mesh) suspended over sand 
for at least 2 weeks, the sand being sifted to obtain the 
puparia. The 1956 samples were placed on wire screening 
suspended over sand for about 7 days and then put in a 
Shipman (1952) extractor, to collect the larvae from the 
pulp. In the latter method, larvae dropping from the 
cherries shortly after picking were recovered as puparia 
in the sand, and larvae developing within the cherries 
were collected in the extractor. Holding samples for 7 
days after picking gave the newly hatched larvae within 
the cherries time to increase in size and to be more readily 
seen with the naked eye. By this method a more accurate 
count of the infestation was obtained. During 1956, one- 
pound samples were taken from treated trees at various 
intervals after the last spray and the residues of Diazinon 
were stripped in petroleum ether. The strippings were 
forwarded to Geigy Chemical Corporation, Ardsley, 
N. Y., and to the Entomology Laboratory, Summerland, 
B. C., for residue analysis. 

In 1956, field experiments were conducted to determine 
whether Diazinon had any effect on the larvae within the 
cherries. On July 24, a heavily infested Lambert tree was 
sprayed with 25% Diazinon emulsifiable liquid at 2 pints 
per 100 Imperial gallons; an adjacent heavily infested 
tree of the same variety was left as a check. Three days 
later 200 cherries were taken from each tree. One-half of 
the cherries from each tree were placed on screens over 
sand, the sand being sifted for puparia 1 month later. The 
remainder of the cherries, after being divided into those 
with and without breathing holes, were cut open and the 
larvae within examined. These larvae were left in the 
opened cherries for 2 days, then examined again. 

Results and discussion—In 1953, five applications of 
lead arsenate at 4 pounds gave satisfactory control, re- 
ducing the infestation from 55 to 1.3% (table 1), but left 
an objectionable visible residue at harvest. Three sprays 





of lead arsenate plus two of derris (4% rotenone) wet- 
table powder was less effective (5.3% infestation) but is 
generally recommended on sour cherries in place of lead 
arsenate to reduce the residues of arsenic and lead at har- 
vest. 

In 1953, chlordane was the only emulsion that gave 
satisfactory control (table 1). However, the residue of 
0.42 p.p.m. at harvest was above the legal tolerance of 
0.3 p.p.m. Chlordane had a quick knockdown effect, but 
the number of flies trapped increased again after 5 days. 
Some marginal leaf burn was evident after the third 
spray. Methoxychlor, Perthane and malathion reduced a 
severe infestation significantly but did not give satisfae- 
tory control. 

In 1956, four sprays of Diazinon at 2 pints per 100 Im- 
perial gallons, applied at 10-day intervals from June 15 
until 8 to 10 days before harvest, allowed only 2 to 3% in- 
festation, compared with 55% for the untreated (table 2). 
Three sprays at the same rate, applied at 14-day intervals 
commencing June 21, did not give adequate control. A 
cherry sample picked 10 days after the last spray and ex- 
amined 2 days later was 2.9% infested; in this sample the 
larvae were conspicuously small, while most of the larvae 
in the checks were well developed. A second sample 
picked 10 days after the last spray and examined 7 days 


Table 2.—Percentages of various samples of Olivet and 
Morello cherries infested at harvest with larvae of the cherry 
fruit fly after various applications of 25% Diazinon* emulsi- 
fiable liquid at 2 pints per 100 Imperial gallons, commencing 
June 15 and 21, 1956. 





Periop (Days) 


After 
Last Harvest 

Between Spray to Until 

Sprays Harvest Checked 


From 

Per CENT 
Fruit 

INFESTED 


No. 


CHERRIES 


No. 
Variety SPRAYS 


Olivet 4 10 & 9 
Morello { 10 23 
Olivet 3 10 2 1000 
Olivet 3 10 7 236 
Olivet 2 14 21 500 
Morello Check — 10 1000 


9.3 

3.0 

2.9 
13.1 
31.0 
55.0 


——— 


814 
1000 





® Geigy Chemical Corp., Fresno, Calif. 
b Larvae extremely small. 
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Table 3.—Diazinon residues (p.p.m.) by three procedures on Lambert and Olivet cherries at 6 to 14 days after applying 3 
or 4 sprays of 25% emulsifiable liquid at 2 pints per 100 Imperial gallons, 1956. 








ANALYSIS PROCEDURE 
No. Days FROM ———— 
——— Last Spray Un- 
TIL STRIPPED 


DATES OF 


Phos- 
phorus 


Cholin- 
Sulfide esterase 


VARIETY 
Lambert 
Lambert® 
Olivet 
Olivet” 
Olivet 
Olivet 
Olivet 


Harvest Stripping 


Application 


July 25 — 0.00 
July 25 8 0.08 .042 .07 
July 25 ~~ 0.16 006 04 
July 26 6 0.75 75 .76 
July 25 9 0.2 279 «0.19 
July 26 0. . 144 .09 
July 31 14 0. 067 08 


Check 
June 16, 26, July 7, 17 
Check 

June 21, July 6, 20 
June 15, 25, July 6, 16 
June 15, 25, July 6, 16 


July 24 
July 24 
July 24 
July 25 
July 24 
July 26 


June 15, 25, July 6, 16 July 30 





§ Lamberts sprayed by grower. 
 Olivets sprayed by laboratory staff. 


later was 138% infested. These results indicate the value of 
holding samples for at least 1 week after picking to allow 
the larvae to increase in size, be more readily seen and 
thereby give a more accurate count. The presence of 
tiny, first stage larvae 12 days after the last spray is 
significant, It suggests that larvae hatching before this 
time were controlled within the cherry by the spray. Also, 
since the incubation period is approximately 5 days, it in- 
dicates that Diazinon protects the cherries from newly 
emerged flies or from gravid flies coming in from adjacent 
trees for a short time only, possibly 5 to 7 days. It is 
therefore apparent that Diazinon dissipates rapidly and 
that the last spray must be applied as close to harvest as 
the presence of residues will permit. When infestations 
are severe this material should be applied 7 days before 
harvest and harvest should not be prolonged. Where 
infestations have been reduced by annual spray programs 
an interval of 10 days between the last spray and harvest 
may be adequate. 

Data presented in table 3 shows that when four sprays 
of Diazinon were applied at 10-day intervals to Lambert 
and Olivet cherries the residue was less than 0.14 p.p.m. 
10 days after the last spray in comparison with the legal 
tolerance of 0.75 p.p.m. declared in 1957 by the U. S. 
Food and Drug Administration and by the Food and 
Drug Division, Canada Department of National Health 
and Welfare 

Good control of the larvae within the cherries sprayed 
with Diazinon was obtained. Ninety-nine puparia were 
collected from the 100 untreated cherries held for 1 month 
on screens over sand and none from the treated cherries. 
When cherries with and without breathing holes were cut 
open and examined 8 days after treatment, 88 larvae were 
found. Of these, only three responded to probing with a 
needle, but 2 days later 11 had pupated in the cherry 
halves, the remainder were dead and beginning to decay. 
In the untreated cherries all 79 larvae found within were 
active; 2 days later all the larvae had left the cherry 


halves and pupated. Larvae affected by the Diazinon 
varied in size from very small to fully mature. These re- 
sults indicate that Diazinon kills a large percentage of 
the larvae within the cherries regardless of whether 
breathing holes are present in the cherries or not. 
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The Garden Tortrix, Clepsis peritana (Clemens): 
A New Economic Pest in Southern California! 


E. L. Atkins, Jr., University of California Citrus Experiment Station, Riverside 


ABSTRACT 


The garden tortrix, Clepsis peritana (Clemens), a common leaf 
roller tortricid pest of ornamentals in southern California, has 
been causing serious economic damage and losses to citrus, lima 
beans, and strawberries during the 9 years since it was first 
recognized as different from the orange tortrix, Argyrotaenia 
citrana (Fernald), which it closely resembles. Bionomical studies 
indicate that the larvae of this moth feed primarily on decaying 
vegetable matter. The population builds up on this food to such 
high levels that the larvae move to sound citrus fruit and foliage, 
lima bean blossoms and leaf buds, and to strawberry plants and 
fruit. Generally speaking, chemical applications have been only 
slightly effective in controlling the larval populations on these 
host plants. Cultural practices have provided an effective and 
practical control as have insecticidal applications. 


Larvae of the garden tortrix, Clepsis peritana (Clem- 
ens), are common leaf roller pests on ornamentals out- 
of-doors in southern California. Since this species was 
first recognized as different from the orange tortrix, 
Argyrotaenia citrana (Fernald), which it closely resem- 
bles, it has been observed causing economic damage to 
citrus and strawberries (in 1949) and to lima beans (in 
1952). It has caused serious economic damage to oranges 
in Orange, San Diego, Santa Barbara, Tulare, and Ven- 
tura counties, and to lemons in Ventura and Santa 
Barbara counties. Economic losses caused by the garden 
tortrix have become progressively greater during the last 
9 years. Bionomical studies indicate that its larvae feed 
primarily on decaying vegetable matter, and on this food 
build up population levels to become primary plant 
feeders. 

Tue GARDEN Tortrix on Citrus: Damage and control. 

In citrus groves, the female moths deposit their eggs on 
the decaying leaf trash under the trees, on dropped fruit, 
or on sound fruit touching the ground (see figure 1). Oc- 
casionally, however, when population levels are high, the 
larvae feed on citrus fruit as much as 5 feet above the 
ground (see figure 2) and also on blossom-trash “‘nests”’ 
(see figure 3) or on foliage of the new flush of growth. 
They attack both oranges and lemons, navel oranges 
being more severely damaged than Valencia oranges. 
Noncultivated groves are more severely damaged than 
cultivated groves, apparently because the accumulation 
of leaf trash is allowed to remain under the skirts of the 
trees in noncultivation cultural practice, and more fruit 
is in contact with the ground. 

A heavy infestation of what was thought to be the 
raisin moth, Ephestia figulilella Greg., appeared in groves 
in Tulare County in 1950. Observations showed that the 
infestation was actually a complex of nine species of lepi- 
dopterous larvae. One of these larval species, the garden 
tortrix, Clepsis peritana (Clemens), was responsible for 
approximately 40% of the damage occurring; whereas 
60% was due to the raisin moth. The remaining seven 
species of moth larvae are saprophagous in that they ap- 
parently feed only on fallen fruit, mummied fruit, and 
decaying leaf trash beneath the trees. As much as 4% of 


the tree crop was affected in some groves, damage being 
limited to fruit either in direct contact with the soil or 
fallen debris, or to fruit within 6 or 8 inches of the soil. 

In 1951 the same complex of nine species of lepidopter- 
ous larvae was again found in Tulare County. About 25% 
of the primary fruit damage was due to the garden tor- 
trix; 75% was due to the raisin moth. 

The highest incidence of fruit damage observed in 1951 
was 2.5% of the tree crop, compared with an average of 
4% in the many citrus groves surveyed in 1950. 

Spray applications in a series of tests showed that in- 
secticides such as DDT, TDE (DDD), toxaphene, cryo- 
lite, chlordane, heptachlor, aldrin, dieldrin, lindane, para- 
thion, malathion, and EPN gave inconclusive results as 
sprays applied to the skirts of the trees. None of these in- 
secticides provided protection outstanding enough for 
recommendation as a control measure. 

Tulare County growers, in 1950, sprayed approxi- 
mately 600 acres of citrus, mostly navel oranges, with a 
DDT formulation containing 4 pounds of 50% wettable 
powder per 100 gallons of water, applied at the rate of 6 
gallons per tree to the skirts and to the trash beneath the 
skirts of the trees. Although the treatment did not satis- 
factorily reduce the numbers of larvae in the dropped 
fruit, it was strongly believed by the citrus growers to 
have controlled the infestation to the extent of reducing 
the number and depth of entry holes per fruit and thereby 
to have significantly reduced the incidence of brown rot 
in their navel orange groves. The DDT treatment was 
therefore satisfactory from the standpoint of the growers 
concerned. 

Control measures intended to reduce the damage 
caused by the garden tortrix and the raisin moth were 
carried out by raking the leaves from under the trees, or 

1 Paper No. 1029, University of California Citrus Experiment Station, River- 
side. Presented in part at the Fortieth Annual Meeting of the Pacific Branch 
of the Entomological Society of America, held at Berkeley, California, June 26 
28, 1956. Accepted for publication January 31, 1958, 


Fic. 1.—Mature Valencia oranges damaged by garden tortrix 
larvae. Note typical depressions in fruit caused by larval feeding. 
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Fic. 2.—Cluster of two mature Valencia oranges damaged by 
garden tortrix larva at point of peel contact. Note typical de- 
depressions and hole caused by larval feeding. 


by blowing the leaves from under the trees with air-blast 
spray equipment, or by blasting the leaves from under 
the trees with high-pressure conventional spray guns. 
Control by these methods was as good as that by any of 
the insecticides used in the skirt sprays. 

Preliminary screening tests indicated that a spray of 
water alone, applied thoroughly enough to stir up and dis- 
lodge the leaf trash and debris and move it from under 
the skirts of the trees in noncultivated groves, might pro- 
vide a practical control measure if applied at intervals of 
6 to 8 weeks, beginning around the first of July, when this 
moth first becomes prevalent. Two such water spray ap- 
plications should be sufficient to protect navel oranges 
until their normal picking season, but more applications 
would be required for Valencia oranges. The above ob- 
servations suggest that damage caused by the larvae of 
the garden tortrix and raisin moth may also be controlled 
by raking the leaves from under the skirts of the trees or 
by pruning the skirts of the trees to keep the fruit off the 
ground. 

In 1952 the garden tortrix caused somewhat extensive 
economic damage to lemons in Ventura County during 
the summer. A 5-acre block of lemons was treated ex- 
perimentally. Subsequently, 200 acres in the Santa Paula 
area were treated commercially. In the experimental 
block, the trees were given a full-coverage application of 
1.66% medium oil spray plus cryolite at the rate of 1 
pound per 100 gallons. Approximately equal numbers of 
larvae of the garden tortrix and of the orange tortrix were 
observed feeding on the trees, primarily in the “buttons” 
(sepals) of newly set fruit. This treatment reduced the 
worm population 50% by the end of 1 week. Only a few 
larvae were seen feeding on the trees at the 2- and 4-week 
observations after the spray was applied. 

In 1954 the garden tortrix caused serious damage to 
lemons near Carpinteria, in Santa Barbara County. The 
larvae were observed feeding on every fruit in contact 
with the ground and on approximately 35% of the ripe 
fruit up to 8 inches above the ground. The growers saved 
as much fruit as possible from subsequent fungal break- 
down during storage and shipping by harvesting the tree 
crop in two separate lots. Lemons were picked from knee- 
high upwards and sent to the packing house completely 
free of worm damage. Then the fruit from knee-high down 
to the ground was picked and sent to the by-products 
plant. This procedure almost entirely prevented the two 


Arkins: THe GARDEN TortTRIx 


Fic. 3.—Valencia orange leaf terminal showing blossom-trash 
g 
“nest” and destruction of one green fruit (see arrow) caused by 
garden tortrix larval feeding. 


major types of fruit loss: 1) If all the fruit is picked at the 
same time and placed in cold storage in the field boxes 
where it is allowed to color, the damaged fruit is broken 
down by mold invading the larval injuries and moving 
from infested fruit to sound fruit, thus infecting it before 
the fruit is graded and packed. 2) If the damaged fruit is 
intermixed with the sound fruit, some of the damaged 
fruit is invariably overlooked on the grading belts. This 
fruit, packed with the sound fruit, may be broken down 
by injury-invading fungal infections during transit to 
sastern markets. One such infested fruit may destroy the 
entire half-box of fruit in which it is located in transit. 

In July, 1954, at Rancho Santa Fe, San Diego County, 
the garden tortrix was causing extensive damage in 85 
acres of Valencia oranges. Insecticide applications were 
made with a high-pressure oscillating boom rig, using 500 
gallons of spray per acre. Parathion at 1.5 pounds per 
acre, Perthane at 4.5 pounds, Dilan at 4.5 pounds, eryo- 
lite at 30 pounds, TDE (DDD) at 4.5 pounds, Compound 
K-8025 (diethyl 2,4,5-trichlorophenyl phosphate; The 
Dow Chemical Company) at 0.75 pound, methyl para- 
thion at 0.75 pound, Diazinon at 1.5 pounds, DDT at 4.5 
pounds, and malathion at 3 pounds per acre were all ef- 
fective in reducing the garden tortrix population level be- 
low the economic level. Parathion, Perthane, Dilan, TDE 
(DDD), Compound K-8025, and DDT were highly effee- 
tive; the other compounds were much less effective at the 
dosages used in these tests. It is indicated from these tests 
that the larvae of the garden tortrix can be successfully 
controlled on the tree, but that these treatments do not 
eliminate the important source of reinfestation, namely, 
the larvae in leaf trash and mummied fruit under the 
trees. 

In 1956 a severe infestation at Santa Paula, Ventura 
County, on Valencia oranges caused heavy damage to 
fruit touching the ground and also to fruit as much as 5 
feet above the ground. Population levels were extremely 
high in this 20-acre grove, averaging 350 to 475 cater- 
pillars on a per-hour-search basis (Atkins, 1957). In July, 
1957, the leaf trash under the trees in this same grove was 
again heavily infested. In August a series of four experi- 
mental plots was initiated, using different cultural prac- 
tices. The fruit was ripe, but only part of the grove was 
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scheduled to be picked immediately; therefore, all the 
grove, with the exception of two 49-tree plots, was skirt- 
picked, the fruit being picked from ground level to ap- 
proximately 3 feet above the ground. 

The four plots were managed as follows: plot 1 (check 
area), no fruit was removed and nothing else was done; 
plot 2, no fruit was picked, but the leaf trash was raked 
out from under the trees; plot 3, fruit was removed from 
the skirts, and the leaf trash was raked out from under 
the trees; and plot 4, the remainder of the grove, fruit was 
picked from the skirts, but the leaf trash was not removed 
from under the trees. The remaining fruit was picked the 
middle of September. Very little damage had been done 
to the fruit in contact with the ground at the time the 
skirt fruit was picked. However, at the time of the final 
pick almost every ripe fruit in contact with the ground or 
leaf trash was worm-damaged in plot 1; 17% of the ripe 
fruit in contact with the ground was worm-damaged in 
plot 2, where the leaves had been raked out from under 
the trees; and no worm-damaged ripe fruit was observed 
in plots 3 and 4. 

The observations noted above were made in the grove. 
Separate fruit records were not taken to determine the 
amount of worm-damaged fruit in the packing house. The 
combined total of both pickings for the entire orange 
grove showed that 60% of the fruit was packed for the 
highest grade. Six per cent of the remaining 40% was cull 
fruit (2.4% of the total fruit production), which included 
all fruit damaged by worms, abrasions, rot, splits, ete. 

One is able to conclude from this experiment that skirt- 
picking alone is highly effective as a cultural practice to 
prevent worm damage to ripe Valencia oranges if the 
fruit is removed before worm damage occurs. Removal 
of the leaf trash alone is somewhat effective but not as 
effective as skirt-picking of fruit. In plot 3 where the fruit 
was skirt-picked and leaf trash was removed, it was ob- 
served that these combined practices eliminated damage 
to the 1958 crop of green oranges that were in contact 
with the ground, whereas each of the other three plots 
showed some worm damage to the new fruit in contact 
with the ground. The grower considered the skirt-picking 
of fruit as a somewhat bothersome but practical proce- 
dure, compared with picking trees of part of the grove 
clean at each picking. 
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Tue GARDEN Tortrix on Lima Beans.—Damage and 
Control.—Larvae attacking lima beans feed on the blos- 
soms and new leaf buds. Injured blossoms drop off, and 
damaged leaf buds and terminals prevent further growth 
of plants, thereby reducing the yield. This damage has 
been observed for 4 years in Ventura County. Several 
treatments of 10% DDT and sulfur dust applied at the 
rate of 30 pounds per acre were effective in reducing the 
population levei sufficiently to keep damage at a min- 
imum. 

THe GARDEN TortrRIx ON STRAWBERRIES.—Damage 
and Control.—On strawberries the larvae feed primarily 
on the decaying vegetable matter around the crowns and 
among the dead leaves at the base of the plant. Popula- 
tions often built up to such high levels that the fruit was 
attacked by the time it ripened. Some larvae have been 
found damaging the berries in the fruit baskets on the dis- 
play shelves in market places. The practice of cutting off 
the old leaves close to the crown after each bearing cycle, 
raking up the leaves and crown trash, and burning all 
such vegetable debris, provided relatively satisfactory re- 
ductions of population levels. In an infestation at West- 
minister, Orange County, it was necessary to dust with 
TEPP every 7 days to reduce the population sufficiently 
to obtain uninjured fruit. 

Undoubtedly, the garden tortrix will be recognized as 
the insect responsible for damage to many other crops 
and plants previously thought to have been damaged by 
some of the closely related tortricid moths, especially the 
orange tortrix, Argyrotaenia citrana (Fernald), the fruit 
tree leaf roller, Archips argyrospila (Walker), and the 
omnivorous leaf roller, Platynota stultana Walsingham. 
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The Number of Stable Flies in Norwegian Barns, 
and Their Resistance to DDT! 


Lavritz S6mme, Zoological Laboratory, University of Oslo, Blindern, Norway 


ABSTRACT 


By taking regular observations on the number of house flies 
(Musca domestica L.), stable flies (Stomorys calcitrans (L.)) and 
Fannia species in barns of eastern Norway, it has been shown 
that stable flies make up a large part of the fly population during 
the summer months. Of 5954 flies observed in 11 barns during the 
summers of 1956 and 1957, 74.5% were stable flies, 15.83% house 
flies and 10.2% Fannia species. 

Four field-collected strains of stable flies showed differences of 
up to 5 to 6 times in their tolerance to DDT and lindane, when 
exposed to blotting paper treated with each of the insecticides. 


It is a well established fact that the stable fly (Stomorys 
calcitrans (L.)) and the house fly (Musca domestica L.) 
are widely distributed in Norway (Siebke 1877, Ringdahl 
1928), but no information exists in the literature on the 
quantitative relation between these two species in Nor- 
wegian barns. In a group of 558 flies from the family Mus- 
cidae collected during the summer of 1955 in 11 barns in 
eastern Norway, the author found that 19.0% were house 
flies and 64.5% were stable flies, while Fannia-species 
made up 13.4% and other species 3.1% of the group. 

RELATION BETWEEN THE DIFFERENT SPECIES.—As a 
knowledge of which species predominate is of the greatest 
importance for the control of flies, a more detailed investi- 
gation was started by taking regular observations in a 
total of 11 barns in the eastern part of Norway on the 
number of house flies, stable flies and Fannia. A method 
described by Dahm & Raun (1955) was found suitable 
for this purpose, and during the summers of 1956 and 
1957 the numbers of the different species were counted on 
observation areas, marked off at different places in the 
barns. These areas usually covered 0.25 m.* of the wall, 
ceiling, posts, ete., at locations which observation had 
shown were natural resting places for flies. 

Counts were made in the barns at approximately 2- 
week intervals. During the summer of 1956 flies were 
counted on six farms from the end of May till the middle 
of October and during the summer of 1957 on seven 
farms from the beginning of July till the middle of 
October. Only two of the barns were used for observations 
both summers. 

The total number of stable flies, house flies and Fannia 
that were counted each summer in each barn, and the per 
cent of each species. are given in table 1. As insecticides 
were used on some of the farms, the numbers of flies are 
low. The observations agree with those of 1955. In most 
of the barns the stable flies were present in much larger 
number than house flies and Fannia. At the bottom of 
table 1 the numbers of the different species from all barns 
are summarized, and the percentages for each species are 
given. 

The literature gives very little informations on the rela- 
tion between stable flies and house flies in countries out- 
side Norway, but Thomsen (1938) states that the stable 
fly often is a more common insect than the house fly 
in barns of northern Europe. Wilhelmi (1917) gives an 
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A higher level of resistance to DDT was built up in the labora- 
tory by selecting one of the strains for this insecticide. After two 
laboratory generations the exposure time required to kill or 
knock down 50% of the flies (LTs0) increased from 312 to 1440 
minutes in the females, and from 78 to 918 minutes in the males. 
At the same time the LTso for females from an unselected strain 
decreased from 312 to 78 minutes. 

Because of difficulties in the rearing technic some of the data 
were based on a low number of flies, and the cultures had to be 
discontinued after two laboratory generations. 


Table 1.—The total numbers and percentages of house 
flies, stable flies and Fannia observed during the summers of 
1956 and 1957 in 11 Norwegian barns. 








NuMBERS OBSERVED* 





Farm No. House Flies Stable Flies Fannia Total 
1956 

1 60 (25.9) 143 (61.6) 29 (12.5) 232 

2 35 (4.4) 662 (82.3) 107 (13.3) 804 

§ 63 (17.3)  166(45.5) 136 (37.2) 365 

4 13 (4.8) 206 (75.7) 53 (19.5) 272 

5 3 (8.1) 27 (73.0) 7 (18.9) 37 

6 16 (3.7) 271 (62.4) 147(33.9) 434 
1957 

1 149 (15.8) 792 (83.9) 8 (0.3) 944 

2 35 (6.7) 443 (84.2) 48 ( 9.1) 526 

e 3 (12.0) 11 (44) 11 (44) 25 

8 257 (18.8) 1100 (80.2) 14 (1) 1371 

9 221 (34.5) 385 (60) 35 (5.5) 641 

10 29 (27.4) 66 (62.2) 11 (10.4) 106 

11 26 (13.2) 167 (84.8) 4 (2) 197 

Total 910 (15.3) 4439(74.5) 605 (10.2) 5954 





® Percentages are given in parentheses. 


example from a barn on the German island Riems, 
where nearly all flies were stable flies. According to 
Dahm & Raun (1955) there are periods during the fly 
breeding season when more than half of the flies in Iowa 
may consist of stable flies, but DeFoliart (1956) found 
that only 3 to 4% of the most important flies in Wyoming 
barns belonged to this species. Hansens (1956) mentions 
that a large part of the flies in New Jersey barns may be 
stable flies, but also pointed out the interesting fact that 
this species was breeding in seaweed on the shore of New 
Jersey (1951). This was also shown by Quarterman et al. 
(1951) for the coast of Florida. 

REsISTANCE IN THE STABLE Fiy.—After chlorinated 
insecticides had been used on Norwegian farms for some 
years, the farmers complained about their failure to con- 
trol flies. The author has shown that Norwegian house 
flies can be resistant to these insecticides (unpublished 
data), but with the high frequency of stable flies on Nor- 
wegian farms the question arose as to whether this spe- 
cies was also resistant. To the author’s knowledge very 


1 Communicated by A. N. Lindquist. Accepted for publication February 14, 
1958, 
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Table 2.—LT; in minutes for field-collected stable flies 
exposed to blotting paper treated with 5 ml. of 5.0% DDT 
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Table 3.—LT; in minutes for a DDT-selected strain of 
stable flies, and for an unselected control strain exposed to 
blotting paper treated with 5 ml. of 5.0% DDT in acetone. 





or 0.1% lindane in acetone. 


DDT LINDANE 


LT 50 in 
Minutes 


Number 


of Flies 


LT so in 
Minutes 


Number 
of Flies 


Farm 
No. 
Females 
124 $12 
100 240 
75 72 


50 48 


Males 

78 

63 42 
60 25 42 
41 25 42 





little information is available on this problem. A detailed 
list of resistant insects is given by Metcalf (1955), but 
stable flies are not included. Kjellander (1949) writes 
however that stable flies in certain districts of Sweden 
were resistant to DDT. His results were based on field 
tests, where flies were placed in petri dishes sprayed with 
the insecticide. He gave no data on the amount of resist- 
ance, or any comparison with susceptible strains. 

To see whether field-collected populations of stable 
flies showed large differences in their tolerance to DDT 
and lindane, flies were collected on four farms. They were 
tested with the insecticides in the laboratory according to 
a method by Barbesgaard & Keiding (1955), by exposing 
them to blotting paper (10X30 cm.) treated with 5 ml. of 
5.0% DDT or 0.1% lindane in acetone The day after 
treatment the blotting paper was formed into a cylindri- 
cal cage, and closed at the top by a metal ring covered 
with cellophane. Before being exposed the flies were fed 
on oxblood containing 1 ml. heparin to 1 liter blood, to 
avoid coagulation. No food was given during the experi- 
ments. This was not found necessary, as 225 females ex- 
posed to untreated blotting paper survived 12 hours, and 
only an average of 14% died after 24 hours. Of 150 males 
treated in the same manner approximately 5% died after 
12 hours, and 20% after 24 hours. 

After the flies were placed in the cages the number of 
dead and knocked-down were counted every half hour for 
the first 6 hours, and also after exposures of 12 and 24 
hours. The time necessary to kill or knock down 50% of 
the flies is called LTs9, and these values are given in table 
2 for flies from the different farms. Males and females 
were tested separately, and the number of flies that were 
used in each test are listed. 

On Farms 8 and 9 no insecticides had been used for at 
least 2 years, but on Farm 1 DDT and lindane had been 
used during the last 2 summers. No information was 
available on Farm 2. 

The table shows that the field-collected strains of 
stable flies showed small differences in their tolerance to 
both insecticides, but not enough to demonstrate any ap- 
preciable amount of resistance. To see if resistance to 
DDT could be built up, efforts were made to rear stable 
flies in laboratory cultures. Flies surviving at the 60% 
mortality-level from the test with DDT from Farm 1 
(table 1) were used to start a selected strain. At the same 





DDT-SELEcTED STRAIN CONTROL STRAIN 


Number LT 50 in 
of Flies Minutes 


LT so in 
Minutes 


Number 
of Flies 


GENERA- 
TION 


Females 
Collected 124 312 312 
Lab. I. 99 498 108 
Lab. II. 18 1440 84 

Males 
Collected 25 78 
Lab. I. 73 228 
Lab. IT. 19 918 





time an unselected strain was started with flies from the 
same farm, in which only flies that had not been exposed 
to DDT in the laboratory were used for breeding. 

The flies were fed on oxblood and a 10% solution of 
sugar in skimmed milk, and laid their eggs on filter paper 
saturated with skimmed milk. The larvae developed in 
5-liter flowerpots in a mixture of 300 grams wheat bran 
and 200 grams alfalfa meal to 1100 ml. of water. The 
cultures were kept at 27° C., and approximately 50% 
relative humidity. 

Flies from the selected strain were again tested with 
DDT in the first laboratory generation, and those sur- 
viving at the 60% mortality-level used for further breed- 
ing. Because of difficulties in the rearing technic only a 
small number of flies was produced in the second labora- 
tory generation. These flies were tested with DDT, but 
further breeding had to be discontinued. The unselected 
strain was also tested with DDT in two laboratory gen- 
erations. 

The experimental technic was the same as already de- 
scribed. Flies 3 to 7 days old were used in the tests, the 
temperature being 18 to 19° C. To avoid mortality be- 
-ause of starving, flies from the selected strain were fed a 
solution of sugar in skimmed milk during the test in the 
second laboratory generation. 

The results are given in table 3, and both males and fe- 
males from the selected strain showed an increasing resist- 
ance to DDT, while the females from the unselected 
strain became more susceptible. The LTs for females of 
the second laboratory generation of the selected strain 
might possibly be somewhat different, as no readings were 
taken between 720 and 1440 minutes. After 720 minutes, 
39% of the flies were dead or knocked down, whereas 
after 1440 and 1680 minutes still 50% were alive. An ex- 
posure of 2880 minutes caused 78% mortality in the fe- 
males. Thirty-seven per cent of the males from the same 
generation were dead after 720 minutes, and 78% after 
1440 minutes. 

Unfortunately some of the LTso’s are based on a low 
number of flies, but in spite of this the data strongly sug- 
gest that the stable fly can be resistant to DDT. Perfect- 
ing of culture technics is necessary before further experi- 
ments with DDT and other insecticides can be conducted 
profitably. 
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ABSTRACT 


In studies on the reaction of seedling alfalfa to feeding of the 
spotted alfalfa aphid, Therioaphis (Pterocallidium) maculata 
(Buckton), in southern Arizona, the rate of plant destruction 
was in inverse geometrical proportion to the number of aphids. 
One aphid per plant feeding and multiplying under uncontrolled 
conditions killed plants in approximately 12 days. The threshold 
period varied under both conditions, but the range was much 
greater when the population was controlled. The resistance dif- 
ferential was constant under uncontrolled conditions but varied 
greatly when the population was controlled. Damage to plants 
consisted of yellow vein clearing, chlorotic mottling, wilting, and 
fina! y death. 

Seedling alfalfa appears to be highly susceptible to at- 
tack of the spotted alfalfa aphid, Therioaphis (Pterocal- 
lidium) maculata (Buckton). This aphid may cause from 
70 to 100% loss of young stands if fields are not treated. 
Dickson & Reynolds (1955) reported that little plants die 
suddenly, apparently from a toxic substance introduced 
as the insect feeds. Dickson et al. (1955) stated that a 
small seedling may be killed by a single aphid. In Arizona 
seedling alfalfa was quickly killed by one or two aphids 
per plant (Tuttle 1956). According to Reynolds et al. 
(1956), in California seedling plants are especially sus- 
ceptible to injury, and insecticide treatment must be 
made when one or more aphids per seedling are present. 
In New Mexico one aphid per seedling caused a reduction 
in stand (Dobson & Watts, 1957). 

Additional observations in southern Arizona demon- 
strated the need for studies on the reaction of young 
plants to this aphid. Accordingly, an experiment was 
undertaken to determine (1) the mortality of seedlings 
subjected to populations reproducing under uncontrolled 
and controlled conditions, (2) the plant longevity when 
initially infested at the seedling stage with different num- 
bers of aphids, and (3) the types of damage induced on 
young plants. These investigations were conducted under 
lath-house conditions at Tempe, Ariz., from July 15 to 
September 4, 1956. 

MATERIALS AND Metuops.—The Chilean 21-5 variety 
of alfalfa was planted in 5-inch pots, which were placed 


Reaction of Seedling Alfalfa to the Spotted Alfalfa Aphid 
in Southern Arizona! 
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on wooden benches. Approximately 1 week later the 
plants were thinned to five per pot. Sixty-six pots were 
arranged in six rows. The plants in four rows were in- 
fested with nymphs and apterous females in a systematic 
fashion from one aphid per plant in the first four pots to 
15 aphids per plant in the last four pots. On half these 
plants the aphids were allowed to feed and reproduce 
naturally (uncontrolled), and on the other half the excess 
aphids over the number initially introduced were re- 
moved daily with an aspirator (controlled). In the re- 
maining two rows half the plants were infested with one 
apterous female per plant to measure the reproduction 
rate, and the other half were kept free of aphids to serve 
as checks. 

When the plants were infested, they were in the cotyle- 
don stage and the first true leaf was just emerging. The 
aphids fed on the underside of the cotyledons at first, but 
many migrated to the first true leaf as it became more ac- 
cessible. Most of the aphids moved off after the plants 
began to wilt. The plants were observed daily for symp- 
toms of toxemia, wilting, and death. Records were taken 
also on the daily reproduction rate of the aphids. No 
“ages were used in these studies. 

SeepLinc Mortauity.—Under uncontrolled condi- 
tions all the plants died in 7 to 15 days. The time re- 
quired to reach 100% mortality decreased as the number 
of introduced aphids increased. Under controlled condi- 
tions plants infested with one aphid per plant were diffi- 
cult to kill and eight of the original 10 plants survived the 
test period (36 days). At the four-aphid level two of the 
plants lived considerably longer than the average of the 
other eight. In general, the time required for 100% mor- 
tality decreased as the number of introduced aphids in- 
creased, but was considerably longer than when the popu- 
lation was uncontrolled. 

Piant Loncevity.—Analysis of the data to determine 
the relationship between longevity of plants and the num- 


1 Accepted for publication February 24, 1958. 
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Regression of logarithm of the average longevity of 10 seedling alfalfa plants on the number of spotted alfalfa aphids feeding 


under (A) uncontrolled and (B) controlled conditions. 


ber of aphids infesting them was undertaken by fitting 
the function log Y=a+bX to the observed data by the 
method of least squares, where Y =average longevity of 
10 plants, X =number of aphids initially introduced on 
the plants, b=regression coefficient, and a=intercept of 
Y axis. In the analysis, plants that survived to the end of 
the test were given a value of 36 days, the duration of the 
test. 

Figure 1 shows the regression of the logarithm of aver- 
age longevity on the number of aphids initially introduced 
under uncontrolled (A) and controlled (B) conditions. 
Under both conditions the time of survival was in inverse 
geometrical proportion to the number of aphids per plant. 
The respective regression coefficients were —0.038 and 
— 0.056 and the Y intercepts 1.09 and 1.47, and the cor- 
relation coefficients were —0.940 and —0.883, both of 
which were significant at the 1% level. 

The longevity of alfalfa seedlings infested with 1 to 15 
aphids per plant under uncontrolled and controlled popu- 
lation conditions is shown in table 1. The data were di- 
vided into three categories: (1) the threshold period, the 
time before the first plant succumbed at a given infesta- 
tion level; (2) the average longevity, the average life of 
10 plants following the introduction of a given number of 
aphids; and (3) the resistance differential, the time be- 
tween death of the first and last plants at each given 
population level. 

Under uncontrolled conditions the threshold period 
varied from 3 to 11 days. It decreased progressively as the 
number of aphids was increased, to a minimum of 3 days 





at seven aphids per plant. All plants in the cotyledon 
stage had a certain amount of resistance following aphid 
infestations. The rather constant resistance differential, 
4 to 7 days, for all levels of infestation was unique under 
uncontrolled conditions. All plants died in approximately 
5 days following the death of the first plant, regardless of 
the initial aphid population. Each initial population built 
up toa number that overcame resistance of the plants and 
killed them in a very short time. Obviously, low initial 
populations required longer time to reach this point than 
did high initial populations, but the ultimate effect was 
the same. 

Under controlled populations the threshold period 
ranged from 2 to 24 days and the resistance differential 
from 4 to 36 days. The longevity range was mucli greater 

Table 1.—Longevity (in days) of seedling alfalfa plants in- 


fested with 1 to 15 aphids each under uncontrolled and con- 
trolled conditions. Tempe, Ariz., 1956. 
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and the plants lived longer than under uncontrolled con- 
ditions. There were no real differences in either category 
for population levels from 7 to 15 aphids per plant. 

Table 1 also shows that one aphid per plant allowed to 
feed and multiply had approximately the same effect as 
six aphids per plant feeding under controlled conditions, 
and four aphids per plant the same as seven to nine under 
the same respective conditions. The number of aphids 
killing the plants under uncontrolled conditions was not 
determined. When the plants were wilting, many aphids 
left because of overcrowding and lack of food. Theoreti- 
cally, one aphid produced on an average three young per 
day, which matured in about 7 to 10 days. After 12.6 
days, the average life of 10 plants infested with one aphid 
ach, approximately 313 aphids were produced. Ob- 
viously, a young plant could not support such a high 
population of aphids. The number of aphids at the satu- 
ration point was undoubtedly much smaller than the 
theoretical figure. 

DAMAGE Symptoms.—Plants infested with one to three 
aphids under controlled population conditions showed 
acute toxemia symptoms. Yellow vein clearing and chlor- 
otic mottling were very noticeable on the first true leaflet 
after 5 to 7 days. No symptoms were noted on the cotyle- 
dons. As the plants continued slow growth, vein clearing 
and mottling became more pronounced and extensive, 
and eventually most of them wilted and died. 

Plants infested with three to five aphids exhibited very 
severe stunting associated with typical vein clearing and 
mottling, and finally died. On dying plants the cotyledons 
dried up first, followed by the first true leaflet. Later the 
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first and second trifoliolate leaves dried up, leaving a dried, 
shriveled stem. Many plants, especially those infested 
with 7 to 15 aphids under both test conditions, died so 
quickly that no symptoms of vein clearing or mottling 
were observed. All the check plants survived and were 
growing vigorously by the end of the tests. 

Conciusions.—These studies confirm earlier reports 
that one aphid per plant, and resulting offspring, injured 
and killed seedling alfalfa in a very short time. This was 
true provided the insect fed and produced progeny under 
normal circumstances. Since seedlings are extremely sus- 
ceptible, young stands should be examined for aphids as 
soon as the plants have germinated and examinations re- 
peated at 5-day intervals until the alfalfa becomes well 
established. 
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The Effects of Woodpeckers on Populations 


of the Engelmann Spruce Beetle’ 


Woodpeckers have been recognized for many years as a major 
factor in the natural reduction of Engelmann spruce beetle popu- 
lations. A means of assessing their value has been developed. 

Five classifications of woodpecker feeding based on wood- 
pecker work on 225 trees were studied. 

An analysis of population measurements showed a correlation 
between beetle survival and the woodpecker classification and 
the intensity of infestation in each tree. A heavy woodpecker 
classification resulted in very little survival at all intensities of 
infestation. Survival increased both with an increase in intensity 


Three species of woodpeckers are important natural 
control agents of the Engelmann spruce beetle, Dendroc- 
tonus engelmanni Hopk. These are the northern three- 
toed, Picoides tridactylus dorsalis Baird; the downy, Den- 
drocopos pubescens leucurus (Hartlaub); and the hairy, 
Dendrocopos villosus monticolae (Anthony). 

The Engelmann spruce beetle is a native insect of 
spruce forests of the central Rocky Mountains. During 
epidemic outbreaks, it may kill vast stands of spruce in a 
few years. Outbreaks appear to result from the increase of 
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ABSTRACT 


of infestation and a lower woodpecker classification. 

The average reduction in populations increased progressively 
from 45 to 98 per cent as the woodpecker classification, which 
was highly correlated with caged survival, progressed from light 
to heavy. After woodpecker feeding, numerical survival of beetles 
was greatest in the moderate classification. 

The effects of woodpeckers on populations of the Engelmann 
spruce beetle can be evaluated by classifying woodpecker work 
and measuring the intensity of beetle infestation in the tree. 






beetles in trees that have been blown over by strong 
winds. Such was the case in Colorado between 1939 and 
1952, when more than 5 billion board feet of spruce were 
killed (U. S. Forest Service 1955). 

The catastrophic losses were finaliy stopped by a com- 


! Accepted for publication February 24, 1958. 

2 Entomologist, Rocky Mountain Forest and Range Experiment Station, 
Forest Service, U. S. Dept. of Agriculture. The station maintains central head- 
quarters at Fort Collins, Colorado, in cooperation with Colorado State Uni- 


versity. 
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Fic. 1.—All of these Engelmann spruce trees have been killed by the Engelmann spruce beetle. 


bination of chemical control and natural mortality fac- 
tors. Among the natural factors, woodpeckers were of pri- 
mary importance. Beetle populations in many of the in- 
fested stands bordering the major outbreak areas were 
reduced to endemic numbers by woodpeckers. 

This paper was planned as a report on one mortality 
factor, the woodpeckers. During most years, they cause 
great reductions in beetle populations. However, other 
factors also produce mortality and during some years 
may be more important than woodpeckers. For example, 
during the winter of 1950-51, abnormally cold temper- 
tures killed most of the brood above snowline in the 
spruce beetle epidemic in Colorado. 

In addition, many parasites and predators, other than 
the woodpecker, are important. These attack all stages of 
the insect. Some examples of these are: 

1. Internal nematodes, which reduce egg production. 

2. Mites—predators. 

3. Coeloides dendroctoni Cush. 

larval stage. 

. Medetera aldrichii Wheeler—a predator. 

5. Thanasimus nigriventris Lec.—a predator. 


an important parasite of the 


Endemic populations of the spruce beetle are main- 
tained in over-mature standing trees and scattered, wind- 
thrown trees. Following severe windstorms and blow 





down, the populations increase to an epidemic status 
Beetles multiply while protected from woodpeckers and 
other natural enemies. The large populations that emerge 
from the wind-felled trees attack standing green trees. 
Beetles continue to increase in numbers because wood- 
peckers and other natural control agents are not able to 
hold them in check. The epidemic may continue until it is 
stopped by a combination of direct control and natural 
mortality factors or by a lack of trees to infest (fig. 1). 

Woodpeckers eat many of the spruce beetles and kill 
others indirectly by removing large quantities of bark 
(fig. 2), with the resultant drving of the remaining bark 
and insects (Massey & Wygant 1954). Hutchison (1951) 
found that during spruce beetle epidemics about 99% of 
the winter food of woodpeckers consisted of spruce beetle 
larvae and adults. Massey & Wygant (1954) observed 
during the summer that 65% of the food was Engelmann 
spruce beetle. 

Hutchison (1951) reported that woodpeckers caused a 
mortality of 55% of the spruce beetles in the study area in 
which he was working. This study was made during an 
epidemic covering thousands of acres. Under the cireum- 
stances, one would expect a minimum effectiveness of thie 
woodpecker because of the tremendous supply of food. In 
smaller areas of infestation or in declining epidemics, one 
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Fic. 2.—A beetle-infested spruce tree on which woodpeckers have fed intensively. 
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Fic. 3.—A spruce tree with wire cage in place to prevent wood- 
pecker feeding. The white cloth exclosure was used to measure 
effects of other predators and of insect parasites. 


can expect a higher percentage of mortality than that ob- 
served by Hutchison. 

Yeager (1955) found that at a peak the number of 
woodpeckers was 9 per acre in a forest infested with 
Engelmann spruce beetles. It was not determined whether 
this was due to concentration or reproduction. The de- 
cline in numbers of woodpeckers after the peak and dur- 
ing the decrease in insect population might indicate that 
concentration was a major factor. Woodpeckers have 
been observed to concentrate in small epidemic spots of 
beetle infestation. The most recent of these was on the 
Rio Grande National Forest during 1956-57. 

CoLLEcTION OF Data.—The effects of feeding by wood- 
peckers were studied on 225 spruce trees at 10 locations. 
Two-hundred and fifty trees (25 at each location) were 
selected in the fall of the year shortly after having been 
attacked by beetles. Twenty-five of the 250 were rejected 
after the attacks failed to develop. At the time of selec- 
tion, hardware cloth (3-inch mesh, 23 ft. width) was 
placed around the trees, the lower edge 3 to 4 feet from 
the ground. These cages were designed to prevent wood- 
pecker feeding in the bark area covered (fig. 3). 

The cages were left on the trees through the winter and 
until the following August. By then most of the beetles 
had reached the adult stage. They were ready to emerge 
and enter the bases of trees for hibernation, and wood- 
peckers had about completed feeding on the insects in 
these trees. Consequently, a fairly accurate measurement 
of the effect of woodpecker feeding on beetle populations 
could be made. 
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The populations counted were the numbers of beetles 
in two samples from each tree, one from the area pro- 
tected by the cage and the second from the unprotected 
area directly above the cage. Each sample consisted of 
the beetles in and under two 6-X6-inch squares of bark, 
one from the north and one from the south side of the 
tree. The samples were from the lower bole (between 4 
and 7 feet from the ground), where large numbers of 
spruce beetle attacks are found (fig. 4). 

The data in figure 4 were obtained by cutting 15 trees 
in one of the study areas and sampling at the heights indi- 
cated. The same type of distribution was found in studies 
in other areas in Colorado (Massey & Wygant 1954, 
Nagel et al. 1957) 

In addition to population counts, each tree was clas- 
sified by woodpecker work. Three broad classes were used, 
rach based on percentage of tree bark area containing 
evidence of woodpecker activity between 4 feet and the 
uppermost woodpecker feeding. 

Light—Very little disturbance of outer bark flakes, may have 

scattered small patches of wood showing, woodpecker work 

generally confined to scattered holes in the bark over an area 
of less than 25% of the total surface. 

Moderate—A large portion of the outer bark flakes removed, 

always has small to large patches of wood showing, some part 

of surface area lacks evidence of any woodpecker activity, 
woodpecker work general over an area of up to 75% of the 
total surface. 

Heavy—Practically all of the outer bark flakes removed, many 

large patches of wood showing, very little area without evi- 

dence of woodpecker activity, woodpecker work general over 
more than 75% of the surface area. 


Two intermediate classes were added to the classifica- 
tion, light to moderate and moderate to heavy. These 
special classes were used where one aspect of a tree 
showed one class and the opposite aspect showed an- 
other. More complicated classifications would be difficult 
to apply in the field. The three broad and two intermedi- 
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Fic. 4.—Density of Engelmann spruce beetle attacks at progres- 


sive heights above ground on the boles of spruce trees, Colorado, 
1956. 
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Table 1.—Average number of spruce beetles per one-half 
square foot of bark, by woodpecker feeding class. 
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Table 2.—Range of data in samples from caged and un- 


caged bark areas. 








BEETLE SURVIVAL PER 3 Sa. Fr. 
or Bark 


Number of Trees Per Cent 


Cxuass oF Woop- -- ——  Reduc- 

PECKER FeepiInc Sampled Caged  Uncaged tion 
Light 41 20+4 11+3 45 
Light to moderate 24 37 +6 15+6 59 
Moderate 36 44+5 16+4 64 
Moderate to heavy 28 50+6 8+2 84 
Heavy 96 57+4 1+ 4 98 





ate classes were not difficult to recognize after a little 
practice. 

Trees are usually attacked in late June and July. Ina 
short time, woodpeckers commence feeding on the parent 
adults in the egg galleries. Thus, the tree will show evi- 
dence of feeding by the presence of individual holes in the 
bark at the ends of egg galleries. As winter progresses, the 
feeding becomes more general, and by spring most of the 
woodpecker work has been done. Some woodpecker feed- 
ing continues during the summer but generally not 
enough to change the classification from one category to 
another. 

Anatysis.—The average numbers of beetles found in 
the various classifications are shown in table 1. The beetle 
survival in caged areas was progressively greater from the 
light to the heavy woodpecker feeding class. This variable 
survival was due to the presence of trees containing 
broods of varying density within the stands. Logically, 
for a tree to be heavily worked by woodpeckers, it must 
contain many beetles, thus lightly infested trees would 
be non-existent in the heavy woodpecker classification. In 
the light woodpecker classification, the proportion of 
lightly infested trees may be very large, resulting in lower 
average survivals in the caged areas. The 45% reduction 
in surviving beetles in trees lightly worked by woodpeck- 
ers might seem too large. However, on a lightly infested 
tree, light woodpecker work could result in a percentage 
reduction comparable to that caused by heavy wood- 
pecker work on a heavily infested tree. 

Table 1 expresses the averages found in the samples. 
The variability in the samples must also be expressed 
more clearly than is shown by the standard errors. One 
problem that cannot be avoided stems from the variation 
in the population within the tree. The survival count in 
caged bark must be made a few feet from the count in 
bark not caged. Because of this and the population varia- 
tion, there are some samples containing more survivors in 
the uncaged than in the caged area. The survival was ex- 
tremely variable in the moderate and light woodpecker 
classes. In the heavy class practically all samples in the 
uncaged areas contained no survivors; thus, the variabil- 
ity in this class was very small. The range of observations 
in caged and uncaged bark areas are shown in table 2. 

An analysis of the data showed a significant relation- 
ship between survival in uncaged areas of bark and two 
variables; (a) number of survivors in caged areas, and (b) 
the woodpecker classification together with number of 
survivors in caged areas. Other variables that showed no 


NUMBER OF 

—_—_——— Maximum 
SURVIVAL 

BEETLES PER 
4 Sa. Fr. 


Samples 
with Zero 
Survival 


Cuiass or Woop- (3 sq. ft.) Not Not 

PECKER FEEDING Samples Caged Caged Caged Caged 
Light 41 9 14 135 98 
Light to moderate 24 1 7 118 114 
Moderate 36 2 9 109 89 
Moderate to heavy 28 0 6 116 47 
Heavy 96 2 77 172 43 





significant relationship were the number of beetle en- 
trance holes and the number of inches of egg gallery. 

Although no relationship was shown between inches of 
egg gallery and survival in uncaged areas, there is a rela- 
tionship between inches of egg gallery and survival in 
caged areas. This brings out the effect of over-population 
in beetles. When galleries become too numerous in the 
samples, the surviving population is reduced. This factor 
was not apparent in uncaged areas because of the large 
number of samples that contained no surviving brood. 
The effects of over-population in terms of surviving bee- 
tles and number of inches of egg gallery for the 225 trees 
sampled are shown in table 3. The largest average sur- 
vival was found in the samples containing between 41 and 
50 inches of egg gallery per square foot. The number of 
entrance holes shows a similar but more variable rela- 
tionship than inches of egg gallery. 


Table 3.—Average survival of beetles compared to the 
amount of egg gallery present in the samrles. 








SURVIVAL OF BEETLES 


Eaa GALLERY SAMPLES IN CAGED AREAS 


PER Sa. Fr. > sq. ft.) PER Sa. Fr. 
(inches) (number) (number) 
0-10 8 4.0 
11-20 25 18.5 
21-30 39 36.9 
31-40 45 49.4 
41-50 36 61.3 
51-60 30 57.8 
61-70 14 50.1 
W1+ 23 45.9 
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The Biology of the Brown-banded Cockroach and its Relative 
Susceptibility to Five Organic Insecticides’ 


GeorGce Hutt, Jr., and Raven H. Davinson, The Ohio State University, Columbus 


ABSTRACT 


Laboratory studies were made on the biology of the brown- 
banded cockroach, Supella supellectilium (Serville), and its rela- 
tive susceptibility to the insecticides, aldrin, chlordane, DDT, 
heptachlor, and lindane. Biological studies revealed the average 
preoviposition period for 19 adult females was 17.7 days. An 
average of 10 egg capsules were produced per female, while the 
period between capsules averaged 9.8 days. As many as 29 cap- 
sules were deposited by a single female, and about one-third 
from each female hatched. The incubation period of 14 capsules 
obtained from seven different females averaged 58.4 days. The 
maximum number of nymphs to hatch per capsule was 18, with 
an average of 12.8 for all capsules considered. The average length 
of adult life of 20 females was 115 days. The number and duration 
of instars were determined by labeling the nymphs with alumi- 


The brown-banded cockroach, Supella supellectilium 
(Serville) has become of widespread importance as a 
household pest in the United States. It is of tropical ori- 
gin and was first reported in this country by Rehn (1903) 
from Miami, Florida. Since then it has spread throughout 
most of the southern states and many northern and west- 
ern states. 

Studies on the life history of this pest have been re- 
ported by Cottam (1922), Gould & Deay (1940), Hafez 
& Afifi (1956), and Willis et al. (1958). According to 
Gould and Deay this insect develops best at temperatures 
that are generally higher than those required for the opti- 
mum development of several other species of cockroaches. 
A single case of parthenogenesis in this species was re- 
ported by Roth & Willis (1954). 

Back (1937) and Gould & Deay (1940) reported that 
the habits of this cockroach differ markedly from those 
of other home-inhabiting species. According to these in- 
vestigators the brown-banded cockroach does not con- 
fine its activites to the kitchen or around water and heat 
pipes like other household cockroaches, but occurs 
throughout the house, showing preference for high loca- 
tions such as shelves in closets, behind pictures, and pic- 
ture molding. The egg capsules may be deposited in 
crevices of household furnishings such as desks, tables, 
couches, and even bedding. 

There have been reports, especially from pest control 
operators and housewives, that this insect is more diffi- 
cult to control than other species of cockroaches. How- 
ever, no specific laboratory or field research seems to have 
been done on the control of this insect by chemicals. Sev- 
eral investigators have reported a hymenopterous para- 
site, Anastatus blattidarum Ferriere, from the egg cap- 
sules of brown-banded cockroaches (Ferriere 1930, Flock 
1941, Zimmerman 1948). The parasite has significantly 
reduced the population of this cockroach in certain re- 
gions of Hawaii, according to Zimmerman (1948). The 
principle objectives of these studies were to obtain infor- 
mation on the several life stages of this insect essential to 
a better understanding of its life history, and to deter- 
mine its relative susceptibility to five organic insecticides, 


num paint. The total number of instars of 37 nymphs varied 
from seven to nine, with seven being most commonly found. 
Significant variation in the duration of instar periods was shown 
in nymphs from three different females. The total period of 
nymphal development of 37 nymphs averaged 89.7 days. 

Toxicity tests were performed on female cockroaches selected 
immediately after they had emerged as adults. The insecticides 
were applied topically as emulsions between the prothoracic 
coxae. The results from these tests show that the brown-banded 
species does not differ greatly in susceptibility from the German 
cockroach (Blattella germanica (L.)) and that the compounds 
tested can be arranged in the following descending order of 
toxicity, based on LDso9 and LD oo values: lindane, heptachlor, 
aldrin, chlordane, and DDT. 


i.e., lindane, heptachlor, aldrin, chlordane, and DDT. 

MATERIALS AND Metuops.—The cockroach cultures 
were maintained in a sub-basement room set aside for 
rearing household pests at The Ohio State University. 
This room was equipped with an air conditioner, adjusted 
so that the temperature remained fairly constant at about 
82° F., fluctuating between the extremes of 80° to 86° F. 
throughout the rearing period. During the same period 
the relative humidity in this room varied from 35 to 55%, 
averaging 43%. The rearing cages consisted of 5-gallon 
and 1-gallon glass jars, and pint-size plastic jars, covered 
with cheesecloth. Pulverized Purina dog chow checkers 
and water were provided in the rearing cages. 

Adult female cockroaches were selected at random from 
the stock culture immediately after their final molt and 
placed individually in the gallon-size jars with adult 
males. Observations on the frequency and number of egg 
capsules produced and length of adult life were recorded 
for each female. The egg capsules were collected following 
ach oviposition of these females and transferred to the 
pint-size plastic jars. In making the transfers all of the 
capsules of a given female were arranged along different 
depressions in a piece of corrugated cardboard and placed 
in a separate cage. This procedure insured proper identi- 
fication of the capsules. Observations were then made on 
the number of capsules hatching, incubation time, and 
the number of nymphs hatching from each capsule. The 
nymphs used in determining the number and duration of 
instars represented the hatch of at least two capsules 
from each of five females. The different instars were la- 
beled with aluminum paint (dissolved in amy] alcohol), 
applied as a spray by means of an atomizer. In prelimi- 
nary tests the paint preparation proved to be non-toxic 
and was quite visible to the naked eye for a long period of 
time when applied to various stages of the insect (up to 
45 days when applied to adults). The atomizer was con 
nected to a compressed air line by means of rubber tubing. 
At the time of labeling the nymphs were placed in a gal- 
lon jar, while the atomizer was held in a vertical position 
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Table 1.—Mean values of preoviposition period, days be- 
tween capsules, capsule production, and longevity of female 


adult. 








LENGTH OF 
PREOVIPOSI- Days CapsuLes/ FEMALE Q ApuLT 
TION Pertop BETWEEN - —— Lire 
(Days) CAPSULES Produced Hatched (Days) 
115+ 18.6 


Mean+S.E. 17.7£1.10 9.8+0.30 10.0+1.8 3.8+0.81 
Number 19 2 20 19 


20 





about 6 inches directly above the jar. In this position the 
paint was sprayed from the atomizer under 15 pounds of 
pressure, for 5 seconds per application. Each instar re- 
ceived only one paint application. The nymphs were 
judged as new instars when no paint could be recognized 
on their cuticle following the previous treatment. They 
were sprayed with paint at the beginning of each instar 
period and maintained separately in small plastic cages. 

The toxicity tests were performed on female cock- 
roaches, selected immediately after they had emerged as 
adults. The insecticides were applied topically in emul- 
sions by the same method as that described by Fisk & 
Isert (1953). The topical application apparatus con- 
sisted of a one-fourth cubie centimeter Yale B.D. tuber- 
culin syringe and a Lufkin micrometer, both of which 
were clamped on a wooden base 9} inches long and 435 
inches in diameter. The syringe was fitted with a piece of 
pyrex glass tubing, drawn to a fine flared tip and bent 
downward at a 90-degree angle, and aligned so that the 
plunger could be advanced by rotating the micrometer. 
The toxicants employed were samples of chemically pure 
heptachlor, lindane, aldrin, chlordane, and DDT. The 
samples of heptachlor, aldrin, and chlordane were sup- 
plied by the Velsicol Chemical Corporation; lindane (Ent. 
Soc. America Reference Standard) by the Wisconsin 
Alumni Research Foundation; and DDT by Geigy Com- 
pany, Inc. Each toxicant was prepared in an emulsion, 
composed of 25% deobase, 75% water and 3 drops of 
Triton X-100 (per 25 cubic centimeters of deobase). This 
emulsion was quite stable at room temperature and 
proved to be non-toxic to the cockroaches when applied 
alone. In preliminary tests it was found that deobase 
when applied at a concentration of 60% (or higher) was 
significantly toxic to the insects. At the time of treat- 
ment the cockroaches were removed from the rearing 
cages at random by means of an as} irator, anesthetized 
with carbon dioxide and placed in a row with their ventral 
sides up on a piece of cardboard. In this position a 
measured drop of the insecticide preparation was applied 
between the prothoracic coxae of each insect. This tech- 
nique was performed by bringing each cockroach con- 
secutively in contact with the flared tip of the glass tub- 
ing, after rotating the micrometer the prescribed number 
of times. Only 10 cockroaches were treated at one time. 
The syringe of the application apparatus was calibrated 
so that each 0.005-inch micrometer rotation delivered 
0.91 microliter of emulsion. The amount of emulsion ap- 
plied to each insect was kept constant at this volume 
(0.91 microliter) in which various quantities of toxicant 
were administered respectively. 

ollowing the treatment the cockroaches were trans- 
ferred to small plastic holding jars and then placed in a 
constant temperature cabinet for a period of 48 hours. 
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Table 2.—Mean values of incubation period and number 


of nymphs hatching per capsule. 








INCUBATION Periop Nymeus Harcu- 
(DAYS) ING/CAPSULE 


58 .4+2.5 12.8+0.75 
14 14 


Mean+S.FE. 
Number 










The temperature in this cabinet was maintained at 25° C., 
while the relative humidity fluctuated between 50 and 
55%. Mortality counts were taken at the end of this 
period. The criterion for mortality was the inability of 
the insect to right itself when the bottom of the holding 
cage was tapped vigorously with a glass rod. Two repli- 
cates of 10 cockroaches each were used for each dosage 
level. The controls consisted of two replicates of cock- 
roaches treated with the emulsion alone. Tests were run 
at a number of dosages for each chemical until at least 
three dosages were found that produced mortalities 
greater than zero and less than 100% and whic«ii brack- 
eted the 50% mortality value. These values were then 
plotted on logarithmic normal graph paper and the 
LD50 and LDgo values read from the graph. 

Resutts AND Discussion.—The results of the life his- 
tory studies are presented in tables 1 through 3. Compar- 
ing these findings with those of Gould & Deay (1940), 
Cottam (1922), Hafez & Afifi (1956), and Willis et al. 
(1958) shows some variation, while in many instances 
there is very close correlation. Some variation can be ex- 
pected among members of the same species, especially 
when the individuals are from different localities and ob- 
served under different environmental conditions. 

About two-thirds of the egg capsules produced by each 
female failed to hatch. In a few cases the capsules were 
parasitized by the hymenopterous insect, Anastatus 
blattidarum, which accounted for a small percentage of the 
failures. Gould & Deay (1940) reported that infertility of 
eggs was the cause of a large percentage of hatching fail- 
ures in this species. Infertility must have been responsible 
for most of the hatching failure observed in these studies. 

The mean values of instar periods and duration of 
nymphal development are shown in table 3. Thirty-seven 
out of 50 nymphs were observed to complete their devel- 
opment, while the remaining 13 either died or escaped. 
The total number of instars for those maturing varied 
from seven to nine, with seven being the number most 
commonly found. Variation in the number of instars has 
been reported by Nigam (1933), Willis et al. (1958), 
Hafez & Afifi (1956), and Zabinski (1929). Several factors 
are known to influence nymphal and larval development 
in insects in such a way that different numbers of instars 
are produced (Roeder, 1953, Lafon & Teissier 1939). One 
of these factors is nutrition. While assuming that the 
food used in all cages in this study was of the same quality 
and there was equal chance for feeding, some of the 
nymphs may have utilized more food than others, due to 
physiological differences. Such a difference in food utiliza- 
tion may have been great enough to affect the number of 
molts. Another factor known to influence development is 
relative humidity, which in this study fluctuated between 
35 and 55% during the rearing period. 

Analysis of variance showed that the duration of in- 
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Table 3.—Mean durations of instar periods and nymphal stage in days. 
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Ist 2nd Srd 4th 


Mean+S.FE. 
Number 





5th 6th 7th 8th 9th STAGE 


10.640.23 11.00.24 11.2+0.38 11.7+0.36 12.2+0.24 12.3+0.45 14.0+0.40 14.7+0.80 15.6+0.64 
458 44 48 42 40 39 37 13 3 


NYMPHAL 


89.7+2.0 
37 





stars of nymphs from the same female (for three of the 
females considered) was significantly different, when the 
mean square differences were compared with critical 
values at the 1% of the F distribution. These results in- 
dicate that factors other than chance caused hetero- 
geneity in the duration of instars. The same factors sug- 
gested above as influencing the number of molts may 
have been operative, producing this discrepancy. 

The sequence of relative toxicity shown in table 4 for 
the five insecticides tested agrees generally with results 
reported by previous investigators, using these chemicals 
in tests on other species of cockroaches. Butts & David- 
son (1955) reported the same order of toxicity of four of 
these compounds (lindane, heptachlor, aldrin, and chlor- 
dane) to the German cockroach, Blattella germanica (L.), 
as was obtained herein. To the contrary, brown-banded 
cockroaches did not differ as widely in their relative sus- 
ceptibility to these insecticides as was reported by the 
above investigators for the German cockroach. For ex- 
ample, these workers reported that lindane was approxi- 
mately 80 times more toxic than chlordane at the LDs5o 
level and about 70 times more toxic at the LD, when 
the toxicants were applied to a normal strain (versus re- 
sistant strain) of German cockroaches as determined by 
microinjection. In this study lindane was slightly less 
than two times more toxic than chlordane at these lethal 
dosage levels. However, this example represents the 
most extreme case in the comparison. Both chlordane 
and DDT were found to be more toxic to the cockroaches 
tested in this study than to a normal strain of German 
cockroaches as reported by Fisk & Isert (1953). These 
workers used the same method of application (topical) as 
was employed herein. These comparative results indicate 
that given concentrations of both chlordane (the insecti- 
cide most often recommended for the control of cock- 
roaches) and DDT would give decidedly better control 
of the brown-banded species than of the German cock- 
roach, if the same given amount of toxicant reaches the 
insect. It is therefore assumed that the poorer control, re- 
ported for this species by pest control operators and 
housewives was due either, to lack of consideration of its 
habits, as they differ from those of other home-inhabiting 


Table 4.—Summary of LD; and LD» values of chemicals 
applied to the brown-banded cockroach. 





CompPpouND LD 50 LD oo 
DDT 2.05 4.2 
Chlordane 0.76 1.8 
Aldrin 0.66 1.19 
Heptachlor 0.52 1.04 
Lindane 0.45 0.92 















blattids, or to possible resistant strains of this insect. In 

case of the former, the insect:cides may have been ap- 

plied only in places where cockroaches are known to oc- 

cur generally (kitchens, basements, and water and heat 

pipes), which would fail to reach many individuals of the 

brown-banded species occurring throughout the house. 
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ABSTRACT 

In 1957, studies were made in the Cache Valley, near Logan, 
Utah, to evaluate the effectiveness of parathion-Diazinon im- 
pregnated cords and malathion-DDVP poison baits for control- 
ling Fannia canicularis (L.). Cords were installed in dairy barns, 
calf pens, and loafing sheds at rates of about 30 feet of cord 
(3/32” diameter) per 100 sq. feet of floor area. Satisfactory con- 
trol of F. canicularis was obtained in five of the six treated dairies 
throughout the 12-week observation period and prevailed at the 
sixth dairy for 9 of the 12 weeks. Dry poison baits applied in 
plywood trays at a dosage of 4 0z./1000 sq. feet of floor area 
failed to provide significant reduction of F. canicularis in the two 


dairies tested. 


Previous studies have shown that organophosphorus 
impregnated cords suspended from ceilings provided 
season-long control of house flies in dairy barns and in 
military dining halls near Savannah, Georgia (Kilpatrick 
1955, Maier & Mathis 1955, Kilpatrick & Schoof 1956). 
Dry and liquid formulations of poison baits have provided 
control in barns in Florida and Maryland (Gahan et al. 
1954-a, 1954-b, and Langford et al. 1954). Recent ob- 
servations at Savannah, Georgia, showed that dry 
malathion baits placed in trays and replenished at 
weekly intervals provided satisfactory control of house 
flies in dairy barns for 10 to 12 weeks, until resistance de- 
veloped (Kilpatrick & Schoof 1958). 

Neither the impregnated cords nor the poison bait tray 
method of fly control have been evaluated extensively in 
dairy barns in the West. In view of this, a study was con- 
ducted in Cache Valley, northeastern Utah, during 1957. 

PROCEDURES.—Six dairies (three ungraded and three 
grade A) were selected for the impregnated cord installa- 
tion while two ungraded and one grade A farm served as 
“untreated” (by the investigators) check sites. Herds of 
11 to 26 cows were maintained at eight of the study 
dairies, and the ninth dairy maintained a herd of 60 cows. 

Impregnated cords were installed at each of the six 
dairy farms during the period June 24 to 29, at which 
time Fannia canicularis populations had reached high 
levels at all of the study farms. 

Cotton cords 3/32-inch in diameter were used. The 
cords were impregnated by immersion in a 10% para- 
thion-2.5% Diazinon xylene solution for a period of ap- 
proximately 5 minutes. At each treated dairy, the im- 
pregnated cords were installed in protected fly resting 
places including the milking room, loafing sheds, and calf 
pens. The cords were suspended vertically from the ceil- 
ing or from horizontal cords (treated) extending from 
wall to wall just below the ceiling. The impregnated cords 
were installed at the rate of about 30 linear feet of cord 
per 100 square feet of floor area with the exception of 
dairy 2, where the use of horizontal treated cords in- 
creased the rate to 41 linear feet per 100 square feet. 

The dry poison bait (2% malathion-0.25% DDVP) 
Was contained in plywood trays 18 inches square and 
i-inch deep which were covered with }-inch mesh hard- 
ware cloth. The trays were placed on the floor, window 
sills, above stanchions, and at other locations where flies 
congregated. Treatment rate was 4 ounces of bait per 
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Table 1.—Number of Fannia canicularis counted in dairy 
barns treated with parathion-Diazinon impregnated cords 
and in check barns, Cache Valley, Utah, 1957. 








No. or F, canicularis per 500 Square Feet or Fioor Space 
During Consecutive Weeks Following 
Installation of Cords 

es July August September 
At Time of ———— —— - 


Datry Treatment 1-2 3-4 5-6 7-8 9-10 11-12 
Treated Dairies 
1 (ungraded) 500 + 3 $ 2 3 1 
2 (ungraded) 500 12 12 5 1 5 2 
3 (ungraded) 1500 7 6 6 5 6 l 
4 (grade A) 400 19 33 27 3 5 1 
5 (grade A) 500 18 18 11 4 2 2 
6 (grade A) 100 34 14 44 88 71 10 
Average 583 16 14 16 17 15 3 
“Untreated” Checks 
7 (ungraded) 1500 1375 625 500 875 150 125 
8 (ungraded) 688 313 238 75 24 29 
9 (grade A) 200 50 250 93 16 25 16 
Average 850 704 396 277 155 66 57 





1000 square feet of floor area in milking rooms, loafing 
sheds, and other protected fly resting places in two 
dairies. The bait was replaced with new material at week- 
ly intervals. 

The effectiveness of the treatments against F. canicu- 
laris was evaluated by counting the total number of this 
species found in the milking barns at weekly intervals. 
Since the milking barns varied in size, comparable popu- 
lation indexes were recorded on the basis of the number of 
flies per 500 square feet of floor area. 

Resutts.—The results with impregnated cords are 
summarized in table 1. The high populations of F. canicu- 
laris in all of the dairies prior to treatment were reduced 
abruptly immediately following installation of the para- 
thion-Diazinon treated cords, whereas the untreated 
dairies maintained relatively high populations (fig. 1). 
With the exception of dairy 6, the weekly counts of F. 
canicularis at the treated dairies never exceeded a total 
of 36 flies per 500 square feet during the 12-week observa- 
tion period after treatment. A count of 50 flies or less was 
considered a satisfactory control level. At dairy 6, it was 
noted that relatively large numbers of F. canicularis 
tended to congregate at one particular window during 
August and this behavior possibly reduced the effective- 
ness of the cords. However, even at dairy 6 satisfactory 
control was obtained for 9 of the 12 weeks. The weekly 
counts at the untreated dairies showed that the popula- 
tions of F. canicularis remained at relatively high levels 
until the seventh week after treatment, at which time the 
populations began to diminish rather sharply. Various 
treatments applied by the dairy operators in check 
dairies caused periodic fluctuations in fly indices through- 
out the observation period. Thus, counts in the check 
dairies do not reflect completely untreated populations. 

F. canicularis was not attracted to the malathion- 


1 From the Communicable Disease Center, Bureau of State Services, Public 
Health Service, U. S. Department of Health, Education, and Welfare, Logan, 
Utah, and Savannah, Georgia. Accepted for publication March 3, 1958. 

2 Appreciation is gratefully expressed to Mr. Reed Roberts, Utah State De- 
partment of Health; Mr. Rodger L. Stephens, Logan City Health Department; 
Mr. Owen Stevens, Cache Valley Dairy Association; and Mr. Wm. McConnell, 
Logan Field Station, for assistance in carrying out these studies, 
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Fic. 1.—Effectiveness of parathion-Diazinon impregnated cords 
in controlling Fannia canicularis in dairy barns, Cache Valley, 
Utah, 1957. 


DDVP poison bait; therefore, no significant reduction of 
the species was obtained in the two dairies treated by 
that method. 

Contrary to expectations, populations of Musca domes- 
tica L. remained at extremely low levels, even during Au- 
gust and September. The maximum weekly count of 
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house flies never exceeded 34 in the milking barns of any 
of the dairies. Consequently, it was not possible to eval- 
uate impregnated cords or poison baits for controlling 
this species. 

Muscina stabulans (Fall.) occurred in low numbers in 
the barns throughout the entire season, whereas Stomo.rys 
calcitrans (L.) were not encountered until August and 
September. Populations of both species were much lower 
than those of F. canicularis. General observations indi- 
cated that neither type of treatment was effective in con- 
trolling M. stabulans or S. calcitrans, although some dead 
flies of both species were observed on the barn floors as a 
result of the cord treatments. 
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Natural Enemies of the Spotted Alfalfa Aphid in Utah’ 


Karim Gooparzy and Donaup W. Davis, Utah State University, Logan 


ABSTRACT 


Seven main groups of predators of the spotted alfalfa aphid 
were collected from alfalfa fields near Delta, Utah: Coccinellidae, 
Orius, Nabis, Geocoris, Collops, Chrysopa and syrphid flies. These 
predators fed largely on the pea aphid (Macrosiphum pisi 
(Harris)) until the spotted alfalfa aphid (Therioaphis maculata 
(Buckton)) invaded the area. The effectiveness of predators de- 
pended on the availability of host insects and climatic conditions. 
The coccinellids, as a group, proved to be the most effective 
predators. Within this group, Hippodamia convergens G.-M. was 
the most beneficial, numerous and widely distributed predator. 
The species of Orius and Collops were abundant enough in many 
cases to be of real importance in the control of this aphid. The 


The interest in the spotted alfalfa aphid (Therioaphis 
maculata (Buckton)) has been intense in Utah since the 
original known infestations during the early spring of 
1955. The damage done by this pest has been severe in 
some of the infested areas. In many fields large popula- 
tions of aphid predators have been associated with the 
aphids, but too often chemical control measures were in- 
stigated for the control of the aphid with complete disre- 





predatory species, without question, exerted a considerable con- 
trolling effect on the spotted alfalfa aphid populations. The pred- 
ators held the overwintered spotted alfalfa aphid population in 
check until insecticides were applied for lygus bug control. The 
chemical treatments of alfalfa fields had generally adverse effects 
on the predators. The decrease in the number of predators and 
favorable environmental conditions enabled aphids to build up 
to the point that the application of insecticides for their control 
became quite generally necessary. The use of chemicals pro- 
duced a sudden but temporary reduction in the population of 
aphids. 


gard for these predators. With these facts in mind, studies 
of these predators were started during the fall of 1955 and 
conducted in the field and in the laboratory until the fall 
of 1956. Most of the field work and much of the labo- 
ratory study was carried on in the Delta area of Millard 


1 From work conducted as a graduate student by the senior author. Accepted 
for publication March 3 1958. 
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Table 1.—Average number of predators of spotted alfalfa aphid collected per 25 sweeps on alfalfa during June-September, 


1956, at Delta Utah. 








June July 

PREDATORS 15 29 13 2 
Coccinellid spp. 22.5 er) 27.3 31 
Collops spp. 8.5 4.2 10.2 9 
Nabis spp. Pe 5.8 7.1 14 
Geocoris spp. 1.2 1.6 2.5 2 
Orius spp. 41.7 35.8 41.7 42 
Chrysopa spp. 2.6 3.1 3.4 2 
Syr phid spp. 0.8 1.§ 1.2 1 
Miscellaneous 1.3 E.% 2.0 

Total 85.5 74.1 95.4 105. 


i.) 


NUMBER OF PREDATORS 


AVERAGE 


August September 

- -~ PER 
7 10 Q4 7 14 COLLECTION 
= 12.0 23.5 19.5 12.3 21.2 
ol 3.5 $.2 Pe | 1.4 5.3 
.2 0.8 4.7 6.7 4.1 6.2 
4 E.@ 1.8 1.8 Ls 1.8 
ay | 15.3 47.2 34.1 16.7 34.4 
6 | 5.3 3.5 2.6 3.2 
oe 0.3 2. . 7 4.0 |e 
4 0.5 Few 1.8 0.7 1.4 
8 36.8 89.5 71.3 43.1 75.2 





County, which is the most concentrated alfalfa seed grow- 
ing area of Utah. 
Workers in the southwestern states have been inter- 


_ ested in the possibilities of utilizing various biological and 


natural methods of control for the spotted alfalfa aphid. 
Smith & Hagen (1956) discussed the native predator situ- 
ation in California; in many cases their results were simi- 
lar to those found in this investigation. Fungi attacking 
the aphid have been reported by Hall & Dietrick (1955). 
At the same time that these native biotic factors were 
being studied, an intense search was being conducted for 
parasites of the aphid. As a result, parasites were intro- 
duced into this country (van den Bosch 1956). Two of 
these parasites have since been released in Utah, but so 
far no recoveries have been attempted. Stanford (1955) 
and several U. S. Department of Agriculture releases re- 
ported natural resistance to this aphid in certain varieties 
of alfalfa. These reports and others tend to lend hope of 
utilizing natural control measures such as parasites, 
predators, fungus diseases and plant resistances in aiding 
to combat the spotted alfalfa aphid. 

Knowlton & Goodarzy (1956) collected many predators 
in association with aphid colonies on alfalfa. Most of these 
predators were not studied carefully enough to determine 
to what extent they were feeding on the spotted alfalfa 
aphid or the pea aphid. Since that time, however, a large 
proportion of these have been shown to feed on the spot- 
ted alfalfa aphid. There were 21 species of Coccinellidae 
and two species of Collops in the order Coleoptera; three 
species of Nabis, two of Geocoris and one of Orius in the 
order Hemiptera; three species of Chrysopidae in the 
Neuroptera and three of Syrphidae in the Diptera re- 
corded by these authors. 

The relative abundance of aphid predators present in 
fields infested with the spotted alfalfa aphid was deter- 
mined as follows: 15 fields were selected and each was 
divided into four areas. Each of these areas was sampled 
by four sets of 25 sweeps each. The sweeping was done 
with a 15-inch sweeping net using 180° sweeps. The re- 
sults of this survey are shown in table 1. The greatest 
number of predators was collected on July 27, when an 
average of 101.8 predators was found per 25 sweeps. 
Much of the fluctuation during the season was due to ex- 
tensive chemical control of both aphids and lygus bugs 
which had a direct effect on both the host and the preda- 
tor populations. In most areas the alfalfa fields were 


sprayed two or three times during the season. The stage of 
growth of the alfalfa also had a direct effect on the preda- 
tor complex present. It was noted that species of Geocoris 
were more numerous in the fields which were kept quite 
dry. Members of the genus Orius seemed to prefer alfalfa 
in bloom. An actively growing alfalfa plant was better 
suited to the aphid populations, and consequently there 
were generally more predators present at this time. 

It was determined at an early date that coccinellids 
were probably the most important group of predators 
present in the area under study. Special attention was 
therefore given to them. The average numbers of ladybird 
beetles of the various species collected in 25 sweeps 
throughout the season is given in table 2. An unusual situ- 
ation had existed earlier in the season when a large popu- 
lation of pea aphids (Macrosiphum pisi (Harris)) caused 
the coccinellid population to be high. The dominant 
species throughout the entire season was Hippodamia 
convergens G.-M. This species, and apparently some of 
the. others had two generations a year, the first in April 
and the second in early summer. Migration to the winter 
quarters was heavy during September, although some 
was noted earlier. 

There were many predators other than the ladybird 
beetles present in the alfalfa fields. Of these Orius tristi- 
color White was the most prevalent. Orius averaged 40.3 
per 25 sweeps during July, and in most cases was con- 
siderably more numerous than the species of Coccinel- 
lidae. However, the feeding capacity of Orius per individ- 
ual is not great. Other predators that occurred in signifi- 
cant numbers were damsel bugs (Nabis spp.), Collops spp. 
(largely bipunctatus Say), Geocoris spp., and larvae of 
several species of syrphid flies. 

Attempts were made to study the feeding potential of 
the following main predatory species found feeding on the 
spotted alfalfa aphid: both larval and adult Hippodamia 
convergens, adult Hippodamia sinuata disjuncta Timb., 
adult Collops bipunctatus, adult Orius tristicolor, larval 
Chrysopa of the plorabunda group, adult Geocoris decora- 
tus Uhler and adult Nabis alternatus Parshley. For this 
phase of the study each individual predator was confined 
in a separate container for a period of 21 days (or less if 
immature forms became adults). Each day mature 
apterous aphids were introduced into the container and 
the number of aphids devoured or killed during the previ- 
ous 24 hours was calculated. The method was the same as 
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Table 2.—The average numbers of Coccinellidae of all species collected per 25 sweeps on alfalfa during 1956 at Delta, 


Utah. 





June July 


SPECIES 

Hippodam ia 
convergens 
sinuata disjuncta 
parenthesis 
Miscellaneous 
Total 

Coccinella 
transversoguttata 
novemnotata 
Miscellaneous 
Total 

Other Coccinellidae 
Adalia 
Hyperaspis 
Miscellaneous 
Total 


zon~ro-~) 


= or © 


NuMBERS COLLECTED PER 25 SWEEPS 


AVERAGE 
PER CoL- 
LECTION 


August 


ll. 





that used by Clausen (1916). Temperature and humidity 
records were kept. The temperature varied only slightly 
from 80°F. and the relative humidity was nearly constant 
at 43.38%. Artificial light was supplied for an 8-hour 
period daily. The tests were replicated 10 or more times. 
Results of these feeding tests are summarized in table 3. 
It will be noted that Hippodamia convergens was definitely 
the most efficient predator studied, and Chrysopa sp. was 
second. The other predators were decreasingly less effec- 
tive to Orius tristicolor which ate the least per individual. 
There were definite differences between the feeding rates 
of the adult male and female Coleoptera. The female 
Collops ate about three times as many as the males. These 
great differences indicate that the female Collops was very 
effective as a predator of the spotted alfalfa aphid while 
the male was relatively ineffective. Larval feeding rates of 


Table 3.—Comparison of average daily consumption of 
apterous spotted alfalfa aphids by various predatcrs. 





Torat AvEr- 
AGE Con- 
SUMPTION FOR 
APPROXI- 
MATELY 21 
Days® 


AveraGe Datty CONSUMPTION BY 
A SINGLE PREDATOR 


Maxi-_ Aver- 
mum age 


Mini- 

PREDATOR mum 
Hi ppoda mia convergens 

(adult) 23.8 42.6 32.9 634.9 

Hippodamia convergens 

(larva) 47.4 26. : 468.3 


H. sinuata disjuncta 
(adult) 5.6 - 9. 6 188.1 


Chrysopa plorabunda 
group (larva) 


Collops bi punctatus 
(adult)” 


Nabis alternatus 
(adult) 


Geocoris decoratus 
(adult) 


Orius tristicolor 
White (adult) 0.3 





® Fewer days if larva reached maturity. 
b Both sexes used in equal numbers. 





all predators were highly variable largely because their 
size increased during the experiments. 

Neither relative abundance, as given in table 1, nor daily 
consumption, as given in table 3, is sufficient alone to 
determine the relative effectiveness of the predators. A 
theoretical value of the predators can be obtained by 
multiplying these two figures together as shown in table 
+. This does not take into account other competing food 
sources such as the pea aphid, however. The variation in 
the predator complex was great from field to field and 
from area to area so these conclusions apply only to the 
area around Delta, Utah during 1956. Hippodamia con- 
vergens was clearly the most effective predator in these 
tests. It was apparently about eight times more important 
than the next most important predator, or possibly more 
important than all the other predators put together. As- 
suming that some of the other coccinellid predators, 
which were not studied in detail, were capable of con- 
suming aphids at a rate comparable to the convergent 
ladybird beetle, it would be difficult to conclude that the 
coccinellids were not the primary predators. Following 


Table 4.—Comparison of theoretical effectiveness of spot- 
ted alfalfa aphid predators considering both rate of feeding 
and relative numbers in the field as found at Delta, Utah 
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Table 5.—Average number of predacious beetles, green lacewings, and hemipterous predators collected on alfalfa, both 





Gooparzy & Davis: NATURAL ENEMIES OF THE SPOTTED ALFALFA APHID 615 





before and after insecticide treatments, Delta, Utah, July-August, 1956. 














AVERAGE NUMBER oF PrepATORS COLLECTED PER 10 SWEEPS BEFORE AND AFTER TREATMENT 


Before aes After Treatment 


Treat- ————_——- —— 
ment 3 7 12 ment 3 a 12 


Before Days After Treatment 
Treat- — 
ment 3 7 12 


MATERIAL AND ACTUAL 
TOXICANT PER ACRE 





Coce isl 0 spp. 


DDT 1.5 Ib. 13. 697.0 10.0 13.0 
Dieldrin 4 oz. 13.5 2.0 12.6 11.0 
Toxaphene 2 lb. 16.8 1.0 7.0 9.0 
Parathion 4 oz. 15.4 2.0 10.0 17.0 
arathion 4 oz.+Dieldrin 40z. 10.7 1.3 2.5 6.4 
Parathion40z.+DDT1.5lb. 11.3 1.5 3.7 9.2 
Check 2.65 36.1 11.6 16.9 
Orius spp. 
DDT 1.5 Ib. 35.0 12.0 2) 31 
Dieldrin 4 oz. 21.2 Se OR 25 
Toxaphene 2 lb. 32.0 10.0 16 21 
Parathion 4 oz. 28.1 6.5 19 34 
arathion 4 oz.+Dieldrin 4 0z. 36.0 3.1 11 7 


Parathion 40z.+DDT 1.5 lb. $2.4 8.2 19 31 
Check 36.3 39.0 33 35 














Before Days After Treatment 
hat 








( ‘Svpeene +“ % 


3.5 : 1.5 2.7 2.0 3. 5.7 
2.3 0.7 0 3.0 2.0 1.0 "9 4.5 
3.7 0 1.0 2.0 4.0 0 1.5 2.0 
2.8 1.5 1.3 4.5 5.1 1.2 3.1 6.2 
3.5 0 0.4 1.2 2.8 0 1.2 1.5 
2.7 0.3 1.2 2.§ 4.3 res 2.3 3.5 
3.1 2.3 3.5 1.9 4.1 3.8 5.1 4.9 
Nabis spp. Geocoris spp. 
7.5 4.3 6.1 11.0 3.1 0.2 Res 0.9 
3.1 0.7 5.7 8.9 2.7 Ba 1.4 2.3 
5.7 2.5 4.6 7.9 1.1 0.9 0 1.4 
6.5 0.9 5.3 10.0 2.) os 1.3 3.1 
4.1 1.8 6.3 6.7 2.1 0. 0.5 1.4 
41 2.3 3.1 7.1 3.1 1.0 2.3 3.1 
4.7 9.1 10.0 13.0 2.1 2.5 3.7 2.5 





the convergent ladybird beetle in importance were the 
Chrysopa larvae and Orius which were approximately 
equal. The Chrysopa larvae consumed a large number of 
aphids per individual, but unfortunately were seldom 
numerous. If their numbers could be increased, Chrysopa 
would become highly valuable in destroying the spotted 
alfalfa aphid. A contrasting situation existed with Orius 
in that the daily consumption per individual predator was 
very low, but the number of individuals was high. Collops 
was next in order of importance, followed by Hippodamia 
sinuata disjuncta and Nabis. Several of the other species 
of coecinellids had rather high individual feeding capac- 
ities but were usually too scarce to be very important. 
These were not studied sufficiently to be certain of their 
role in the overall picture. Surprisingly, however, Geocoris 
which is an important aphid predator in many parts of 
the country was of rather minor importance during these 
studies which may have been an abnormal situation. 

Errect oF Insecticipps ON PrReDATORS.—Limited 
study was made on the effects of some of the insecticides 
used in the area on the predator population. Most of this 
work was not carried on in sufficient detail to produce 
conclusive evidence. The results were variable. Most 
treatments were commercial air or ground applications of 
insecticides for the control of either the spotted alfalfa 
aphid or lygus bugs or both. The predator counts were 
made by sweeping with an insect net. The decrease in 
numbers of predators was apparent following most of the 
treatments, but no attempt was made to determine how 
much of the decrease was due to actual mortality and how 
much to the insects leaving the field. 

The results of this work are given in table 5. Of the ma- 
terials studied, dieldrin plus parathion at the rate of 4 
ounces of each per acre was the most damaging combina- 
tion to predators. In all cases where this mixture was used 
there was a marked reduction in numbers with the popu- 
lation remaining low for some time. Parathion plus DDT 
Was nearly as damaging. DDT or toxaphene, used alone, 
Was considerably less toxic to the predators than mixtures 
containing parathion. Several predators, notably Chry- 








sopa, seemed to be quite tolerant to DDT treatments. 
Evaluation of the toxic effects of insecticides on predatory 
species was difficult. The effects of parathion on predators 
seemed to wear off much sooner than those of dieldrin. It 
is interesting to note that the spotted alfalfa aphid was 
apparently kept well in check by the unusually high num- 
bers of predators in the field during the early season but a 
few days after the start of the chemical control of lygus 
bugs the spotted alfalfa aphid began to reach injurious 
levels in many fields. While the reduction in numbers of 
predators caused by chemicals was probably not the only 
reason for the sudden increase in aphids at that time, 
there is little question that it was a major contributing 
factor. 

Prepictinc Success or Natura Controu.—The 
question then arose, can counts of predators and aphids 
in a field be made to predict whether there is a possibility 
of natural control succeeding or whether chemical control 
should be applied. The problem is complex, but mathemat- 
ically an approximation can be made. Dickson ef al. 
(1955) arrived at the following figure: 


Aphids per acre equal the number of aphids on 20 stems times 
91,939 

Coccinellids per acre equals ladybird beetles in 10 sweeps of a 
15-inch net times 6,050. 

Other predators per acre equals number in 10 sweeps of a 
15-inch net times 2,028. 


The above calculations give an approximation of the 
numbers of aphids and the numbers of predators per acre 
at a given time. Referring back to table 3 and 4 the feed- 
ing potential for the leading predators can be determined. 
It is better to group the coccinellids together and con- 
sider their feeding potential an average of about 22.7 
aphids per day per individual. All other predators could 
be considered as a group with an average daily feeding 
rate of about 3.5. If Orius is not numerous the figure of 
3.5 would be too low. Up to this point reasonably accurate 
calculations can be made. To get a truly accurate picture, 
however, the reproductive rates of both predators and 
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aphid hosts, along with a knowledge of the competing 
food sources available for the predators must be con- 
sidered. So far only very rough estimates of these factors 
are known. With a background knowledge of the above 
figures, however, it is felt that a trained observer could 
make a fairly accurate estimate of the balance of preda- 
tors and aphids in a field at a given time. 
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Resistance of House Flies in Florida to Organophosphorus Insecticides! 


G. C. LaBrecque, H. G. Witson, and J. B. Ganan, Entomology Research Division, Agr. Res. Serv., U.S.D.A. 


ABSTRACT 

Based on the LC-50’s in tests with contact sprays, house flies 
(Musca domestica L.) collected in eight dairies and six poultry 
houses in Florida in 1957 were 3 to 133 times as resistant as nor- 
mal flies to malathion, 11 of the strains were 1.3 to 72 times as 
resistant to Dipterex, five strains were 5 to 38 times as resistant 
to Diazinon, and seven were 3 to > 18 times as resistant to para- 
thien. In tests with poisoned baits, 10 strains were 13 to > 105 
times as resistant as normal flies to malathion, and four of these 
strains were 3 to 19 times as resistant to Dipterex; in 1954 and 
1956 the resistance to Dipterex or malathion baits did not ex- 
ceed 8 times normal in flies from the barns where these four 


strains were collected. 


Organophosphorus insecticides have largely replaced 
the chlorinated hydrocarbons for control of the house fly 
(Musca domestica L.) in many parts of the world. Resist- 
ance to this group of insecticides was first reported by 
Keiding (1956), who found that flies on Danish farms 
were not controlled with Bayer 21/199. In Florida, as 
elsewhere, the organophosphorus compounds in larvi- 
cides, baits, or residual applications have been the pre- 
ferred insecticides for use in poultry houses and dairy 
barns for the last 5 years. Lindquist (1957) reported a 
moderate resistance to malathion and Dipterex in flies 
collected from four dairy barns in central Florida, al- 
though practical control with these insecticides was still 
possible. In late 1956 and early 1957 LaBrecque & Wilson 
(1957) found malathion baits and larvicides useless 
against house flies in two poultry houses at Pine Castle 
and Tampa. Verbal reports from other sections of Florida 
indicated that the resistance to organophosphorus com- 
pounds was becoming widespread by the spring of 1957. 

This paper presents the results of tests with house flies 
collected in 1957 from eight dairy barns and four poultry 
houses in central and southern Florida to determine their 
resistance to several organophosphorus insecticides, and 
also with flies collected in four of the same dairies in 1954 
and 1956 to compare the degree of resistance from year to 
year. Tests were made with the generation (parental, P) 
collected as larvae in the field or with the first generation 
(F;) reared in the laboratory from adults or larvae col- 





lected in the field. Comparative tests were also made with 
the F; generation of the resistant colonies from Tampa 
and Pine Castle (Grothe colony), and with the regular 
(nonresistant) colony. The insecticides were applied in 
contact sprays or baits. 

In the tests with contact sprays female flies 4 to 5 days 
old were exposed to various concentrations in odorless 
kerosene in a modification of the wind tunnel described 
by Roan & Kearns (1948). One-fourth milliliter of solu- 
tion was atomized at a pressure of 1 p.s.i. into the mouth 
of the tunnel and drawn through a screen cage containing 
the flies by a 4 m.p.h. draft. The flies were then trans- 
ferred to screen holding cages and supplied with a 10% 
sugar solution on absorbent cotton. The mortality was re- 
corded after 24 hours. Duplicate tests with 20 female flies 
were run at each concentration. Malathion was tested 
against flies from all the strains, and when sufficient flies 
were available Diazinon, Dipterex, and parathion were 
also tested. 

In the bait tests acetone solutions containing various 
concentrations of the insecticides were added to dry sugar 
and the mixtures were allowed to dry. Ten-gram samples 
were spread over the bottoms of petri dishes. Cylindrical 
screen cages, each containing 20 female flies, were placed 
on the baits, so that the insects could feed ad libitum 
through the screen, and the mortality was determined 
after 24 hours. Malathion baits were tested against 10 of 
the field strains, and Dipterex baits against four. 

In both types of tests LC-50’s were computed from the 
concentration-mortality data. The ratio of the LC-50 of 
ach field strain to that of flies from the normal colony 
tested at the same time indicates the degree of resistance. 
Occasionally there was less than 50% mortality at the 
highest concentration tested, in which case this concen- 
tration was used as the LC-50; such figures are indicated 
in the following discussion by the sign for “greater than.” 

Resutts.—The results of the 1957 tests with contact 
sprays are summarized in table 1. A high degree of resist- 
ance to malathion, more than 15-fold, was shown by all 
the strains except those from the four central Florida 


1 Accepted for publication March 17, 1958, 
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Table 1.—LC-50’s (per cent) of four organophosphorus insecticides as contact sprays against female house flies of several 


field strains, and ratios to LC-50 against regular colony 1957. 








—__ 
= 


MALATHION 


DipTEREX 


DIAZINON PARATHION 








SOURCE AND ae 
GENERATION OF Fires = LC-50 Ratio 


Poultry houses 
Southern Florida 
Tropical, P 
F, 
Lantana, P 
Energy, F; 
Central Florida 
Tampa, F; 
Grothe, F; 
Leesburg, F; 
Dairies 
Southern Florida 
Dressels, P 
New Palm, P 
Hall-Boyd, P 
Melear, P 
Central Florida 
Trice, F, 
Lakemont, F; 
Arndt, F; 
Hiatt, F;, 


Regular colony 


Ratio 


LC-50 Ratio LC-50 Ratio 


>0.40 >18. 


. 26 i. 


1.20 34.2 
38.8 


0.04—-0.05 0.02-0.03 





dairies, which showed moderate resistance. Six strains, in- 
cluding some from central and some from southern 
Florida, showed a high resistance to Dipterex, and three 
showed moderate resistance. One strain showed high re- 
sistance to Diazinon and parathion, and five showed 
moderate resistance to one or both of these insecticides. 
The most resistant strain to all four insecticides was that 
from the Tropical poultry house in southern Florida. 

The LC-50’s obtained in tests in 1957 with malathion 
baits against the parent generation of flies from six of the 
strains from southern Florida, and the ratios to the LC- 
50's against the regular colony, were as follows: 

LC-50 
per cent 
>2.0 
>2.0 


Strain 
Tropical 
Lantana 
New Palm >2.0 
Melear >2.0 
Hall-Boyd 1.5 


Dressels 1.0 


Regular colony 0.019-0.021 


In all but one strain the resistance in baits was higher 
than that in contact sprays, possibly because the bait 
tests involve the flies’ acceptance of the formulation as 
well as toxicity of the insecticide. 

The results of tests with Dipterex and malathion baits 
against the F; generation of flies collected in four central 
Florida dairies in several years are given in table 2. All 
four strains showed moderate resistance to Dipterex in 
1954 and to both insecticides in 1956. One showed a high 
resistance to Dipterex and three to malathion in 1957. 


Table 2.—LC-50’s (per cent) of malathion and Dipterex in 
sugar baits against female house flies of several field strains 
in different years, and ratios to LC-50’s against flies of regu- 
lar colony. 





1956 1957 





1954 


Ratio LC-50 Ratio 


Source LC-50 Ratio LC-50 


Dipterex 
0.0057 
.0124 
0085 
0067 
. 0020 


0.0065 4. 
0267 19. 
0086 «6. 
0044 2 
0014 ¥ 


0.0069 
.0063 
.0070 
.0087 
0018 


Hiatt 
Trice 
Arndt 
Lakemont 
Regulars 


me 2 Or Or Or 


Malathion 
Hiatt 025 x .214 15 
Trice - 046 .562 51.09 
Arndt 023 8. .330 00 
Lakemont 026 . 143 3.00 
Regular .0059 1. O11 00 
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The Use of Treatments Containing Methoxychlor Against 
Biting Flies on Cattle and the Determination of 
Methoxychlor Residues in Milk! 


Tren-Hs1 Cuenc, Donauy E. H. Frear, and Henry F. Enos, Jr.,? The Pennsylvania State University, University Park 


ABSTRACT 


Experiments on the use of treatments containing methoxychlor 
against biting flies on cattle and the determination of methoxy- 
chlor residues in milk were conducted in Centre and North- 
umberland Counties, Pennsylvania, during the summer of 1957. 
Treatments were administered once a day to three herds of 
lactating Holsteins by two self-treating devices, the electric-eye- 
controlled sprayer and the cable-type back rubber. Populations 
of the horn fly (Siphona irritans (L.)), stable fly (Stomoxys cal- 
citrans (L.)) and horse flies (Tabanus sulcifrons (Macq.) and T. 
giganteus (DeG.)) on treated and check groups were counted once 
or twice daily to determine the effectiveness of the treatments. 
Milk samples were collected from the two groups of animals to 
determine methoxychlor residues in milk. 

Results of the spraying experiments made in Centre County 
over a period of 68 days showed that an oil-base spray, contain- 
ing methoxychlor in combination with Lethane 384, synergized 
pyrethrins and butoxy polypropylene glycol applied at the rate 
of 120 ml. per animal, provided excellent control of horn and 
stable flies, and was significantly more effective than a water- 
base spray consisting of methoxychlor and diethyltoluamide 
(N,N-diethyl-m-toluamide). The addition of Thanite to the 
water-base spray tended to increase its effectiveness appreciably. 

In Northumberland County, spraying experiments were 
carried on for 66 days. Results indicated that methoxychlor and 
Thanite in a water-base spray, applied at the rate of 75 ml. per 
animal, failed to provide satisfactory control of the horse and 
stable flies but the effectiveness of the combination was markedly 
increased by the addition of butoxy polypropylene glycol. 


In preliminary experiments with an electric-eye-con- 
trolled sprayer conducted during the summer of 1956, 
Cheng et al. (1957) reported that a water-base spray con- 
taining methoxychlor, butoxy polypropylene glycol and 
Thanite provided perfect control of the horn fly (Siphona 
irritans (L.)) and excellent protection against the stable 
fly (Stomoxys calcitrans (L.)) on cattle. Cheng & Vander- 
berg (1958) found that oil-base mixtures containing 
methoxychlor applied on cable-type back rubbers gave 
consistently excellent control of the horn fly but less ef- 
fective protection against the stable fly. 

During the summer of 1957, the experiments were con- 
tinued using treatments containing methoxychlor in dif- 
ferent combinations with diethyltoluamide (N,N-di- 
ethyl-m-toluamide, also called Meta Delphene), butoxy 
polypropylene glycol, Thanite, pyrethrins (synergized 
with piperonyl butoxide) and Lethane 384 applied on 
dairy cattle by means of electric-eye-controlled sprayers 
and a back rubber.’ 

The purpose of the investigation reported in this paper 
was to study the effectiveness of the methoxychlor-con- 
taining formulations against biting flies on cattle, includ- 
ing the horn fly, stable fly and horse flies (Tabanus sul- 
cifrons (Macq.) and T. giganteus (DeG.)) and to deter- 
mine methoxychlor residues in milk collected from ani- 
mals used in the experiments. When this experiment was 
planned, the use of methoxychlor sprays on lactating 


Observations on the effectiveness of treatments containing 
methoxychlor applied on a back rubber were continued for 73 
days. An oil-base mixture of 1% methoxychlor, butoxy poly- 
propylene glycol and Thanite did not achieve effective control 
of the horn and stable flies but the efficiency of the mixture was 
significantly enhanced when the concentration of methoxychlor 
was increased to 4%. 

The treatments employed in both the spraying and back rub- 
ber experiments were, in general, much more effective against the 
horn fly than the stable fly or horse flies, when the data for each 
species were treated separately. 

None of the cattle employed in the experiments was adversely 
affected by the treatments. 

Milk samples collected from the cows sprayed with the oil-base 
spray containing 1% methoxychlor showed a maximum of 0.1 
p.p.m. with a mean of 0.03 p.p.m. Water-base sprays, applied 
to two herds over periods of 33 and 66 days, respectively, showed 
a maximum of 0.09 p.p.m. of methoxychlor in the milk, with a 
mean of 0.04 p.p.m. Cows having access to back rubbers treated 
with a formulation containing 1% methoxychlor did not excrete 
measurable amounts of the compound in their milk; the same 
cows exposed later to a back rubber treated with 4% methoxy- 
chlor showed a maximum of 0.03 p.p.m. and a mean of 0.01 
p.p-m. in their milk. The presence of pyrethrins, piperonyl 
butoxide, butoxy polypropylene glycol, organic thiocyanates, 
and diethyltoluamide did not appear to affect the excretion of 
methoxychlor by the treated cows. 


cows was permitted; more recently a zero tolerance for 
this compound in milk has been established. 

Metnops AND Marertats.—Two self-treating de- 
vices, the electric-eye-controlled sprayer and the cable- 
type back rubber were employed in these experiments. 
The major components of the sprayer included a pipe 
system with 10 nozzles, a photoelectric relay unit, a 
pump and motor assembly and a solenoid valve. The de- 
vice was completely automatic in operation. The spray 
started and stopped instantly as cattle entered and left 
the pipe system (fig. 1). One sprayer was installed on the 
University Farm of the Pennsylvania State University 
and the other on the Tilford Farm‘ in Northumberland 
County, Pennsylvania. 

The cable-type back rubber was made of log chain and 
barbed wire wrapped with burlap sacks. The upper end 
of the cable was tied around a tree at a height of 5 feet 


1 Authorized for publication on February 20, 1958, as paper No. 2234 in the 
Journal Series of the Pennsylvania Agricultural Experiment Station. Accepted 
for publication March 17, 1958. 

2 Professor of Zoology, Professor and Instructor of Agricultural and Biological 
Chemistry, respectively. 

® The chemicals were generously provided by Hercules Powder Co., Wilming- 
ton, Delaware, McLaughlin Gormley King Co., Minneapolis, Minnesota, 
Carbide and Carbon Chemicals Co., New York, N. Y., and Eastern States 
Farmers’ Exchange, Inc., West Springfield, Massachusetts. 

4 The close cooperation of Dr. E. M. Kesler and members of the Department 
of Dairy Science, and Mr. H. Tilford of Northumberland, Pennsylvania, is 
gratefully acknowledged. 
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nce for Fig. 1.—A dairy cow self-treating with an electric-eye-controlled sprayer installed in the doorway of a stable. 





























ig de- and the lower end was connected to a spring which was the sprayer were as follows: A. 8.6% butoxy polypro- 
cable- clamped to an eye-bolt embedded in the middle of a pylene glycol, 1% methoxychlor, 0.6% Lethane 384, 
ments. rectangular concrete block 8X8 X48 inches in size. The 0.25% piperony] butoxide and 0.03% pyrethrins in petro- 
A pipe back rubber was located in a University pasture. leum distillate: B. 15% diethyltoluamide and 1% methox- 
nit, a On the University Farm lactating Holsteins were  ychlor in water emulsion; C. 15% diethyltoluamide, 3% 
he de- divided into treated and untreated check groups of 14 Thanite and 1% methoxychlor in water emulsion. 
spray cows each. The two groups were, in general, similar in The animals were sprayed once a day. The amount of 
id left mean body weight, age, days in milk and milk production. — spray delivered averaged approximately 120 ml. per ani- 
om the They were pastured in similar adjacent grazing grounds mal. Applications were suspended on several occasions 
ersity and given the same supplementary feeds. Fly population | when weather was unfavorable or the spray material was 
rland counts taken during pre-treatment periods showed no changed. In the latter case, the cows were washed 
significant difference in the degree of infestation between thoroughly with soap and water and several days were 
n and the two groups. The animals were milked twice daily ina allowed to elapse before a different material was used. 
r end stable equipped with 38 stalls. The treated group oc- A total of 22 applications were made with formulation 
5 feet cupied the middle section of the stable, while the check A, 10 with B and 19 with C. The populations of the horn 
animals were stationed in the front section. The treated and stable flies on both the treated and check groups were 
| in the group was sprayed after milking early in the morning as — counted twice a day, at 6 and 11 hours after spraying. The 
cepted the cows passed through the doorway at which the mean number of flies per animal was determined by 
logical sprayer was installed. The check group left the stable counting the flies on any eight animals in each group. The 
through a different doorway before spraying started. horse flies occurred in very small numbers and hence were 
—_— Since the two groups occupied different sections of the not included in the data. 
States stable and were led to different pastures at different times, On the Tilford Farm, each of the treated and check 
_ any physical contact between members of the two groups groups consisted of seven lactating Holsteins. The spray 
niall was effectively avoided. formulations employed were: Formulation D. 3% Tha- 
nite and 1% methoxychlor in water emulsion, and formu- 





The insecticide-repellent formulations applied with 
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Table 1.—The effectiveness of treatments containing 
methoxychlor applied with an_ electric-eye-controlled 
sprayer* against horn flies and stable flies on dairy cattle. 

niversity Farm, Centre County, Pennsylvania. July- 
September, 1957. 





Mean No. 
Horn AND 
STaBLeE Fires 
per Cow 
per Day” Per 
CENT 
Con- 
TROL? 


No. 
Day 
APPLI- 
CATIONS 


Treat- 
ed® 


PeRiops OF 
TREATMENT 


FORMULATIONS AND 
INGREDIENTS Check‘ 


A 
8.60% BPG* 
1.00% Methoxychlor 
0.60% Lethane 384 : 
0.25% Piperony! butoxide 
0.03% Pyrethrins 
89.52% Petroleum distillate 
B 
15% diethyltoluamide 
1% Methoxychlor 
(in water emulsion) 
C 
15% diethy ltoluamide 
3% Thanite 
1% Methoxychlor 
(in water emulsion) 


-S 


43.4 91. 
46.3 94.§ 
61.6 91.$ 
50. 93. 
56.: 94. 
64. 93. 


July 4-8 

July 9-18 

July 14-18 
July 19-23 
July 24-28 
July 29-Aug. 1 


eee we 
“oo 


101. 86. 
90. 83 
136. 85. 


Aug. 8-12 
Aug. 13-17 
Aug. 18-19 


Aug. 20-24 
Aug. 25-29 
Aug. 30-Sept. 3 
Sept. 4-9 


114. 86.8 
5 110. 90.5 
7 199.3 92.0 
D Rveet 96.1 





® At the rate of 120 ml. per cow. 
» Fly populations were counted both at 6 and 11 hours after spraying. 
© Fourteen lactating Holsteins in each group. 
4 t-tests for difference in effectiveness: 
Formulations A vs. B—t =7.1789 (significant at .001 level) 
A vs. C—t =0.9770 (not significant) 
B vs. C—t =2.8760 (significant at .05 level) 
Butoxy polypropylene glycol. 


lation E. 10% butoxy polypropylene glycol, 3% Thanite 
and 1% methoxychlor in water emulsion. Arrangements 
for spraying were similar to those made on the University 
Farm described previously except that the amount of 
spray delivered averaged approximately 75 ml. per ani- 
mal instead of 120 ml. The animals were sprayed 11 times 
with formulation D and 33 times with formulation E. 
The populations of the horn, stable, and horse flies on 
both the treated and untreated groups were counted once 
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or twice a day. The mean number of flies per anima! was 
determined by counting the flies on the seven animals jy 
each group. On this farm, the horn fly population was 
negligible in number and was not included in the data. 

The pasture in which the back rubber was located con. 
sisted of 4 acres with 60 trees growing along a fence. The 
rubbing device was installed at a corner of the fence. The 
treated and check groups included 14 lactating Holsteins 
each, and were kept separately in adjacent pastures. The 
back rubber was saturated with formulation la, contain. 
ing 10% butoxy polypropylene glycol, 3% Thanite and 
1% methoxychlor in diesel oil, and this was used for 40 
days, after which the rubber was saturated with formula- 
tion Ib, which was different from formulation la in con- 
taining 4% methoxychlor instead of 1%. Formulation 1h 
was employed on the rubbing device for 33 days. The 
back rubber was resoaked with the formulation after 
every heavy rain. 

The populations of the horn and stable flies on both 
treated and check groups were counted once a day with 
the exception of Sundays and several rainy days. The 
mean number of flies per cow was determined by counting 
the fly populations on any 10 cows from each group. 

In order to determine methoxychlor residues in milk, 
2-quart samples of milk were collected from 8 of the 14 
animals in each treated and untreated group. On the 
University Farm, milk samples were collected in the 
morning, generally 24 hours after the last spraying. On 
the Tilford Farm, the samples were taken late in the 
afternoon, 10 hours after spraying was completed. To 
avoid contamination of milking equipment by spray ma- 
terial, the udder and teats of each cow were thoroughly 
washed before each milking. The samples were preserved 
with formaldehyde immediately after milking and kept 
under refrigeration until they were analyzed. For anal- 
yses, 200 ml. of milk were extracted by the method of 
Carter (1947) and the methoxychlor determined by the 


Table 2.—The effectiveness of treatments containing methoxychlor applied with an electric-eye-controlled sprayer® against 
stable flies and horse flies on dairy cattle. Tilford Farm, Northumberland County, Pennsylvania. June-August, 1957. 





No. DatLy 
APPLICATIONS 


PERIODS OF 
TREATMENT 


FORMULATIONS AND 
INGREDIENTS 


D 
June 26-30 


July 5 
July 6-10 


3% Thanite 
1% Methoxychlor 
(in water emulsion) 


E 
4 


~ 


10% BPG4 
3% Thanite 
1% Methoxychlor 
(in water emulsion) 


July 15 
July 

July 

July 

July 

Aug. 5- 
Aug. 

Aug. 15 
Aug. 

Aug. 25 


So eon Se seo 


Hours AFTER 
SPRAYING 


MEAN No. STABLE AND 
Horse Fires per Cow 
PER Day 


Per CENT 
CONTROLS 


Check? 


Treated” 


5and9 6 BA 63. 
62.5 


phe I OACSC SrA S 
Oe Ore HD eS HS 





® At the rate of 75 ml. per cow. 
» Seven lactating Holsteins in each group. 


© t-test for difference in effectiveness between formulations D and E: t=5.027 (significant at .001 level). 


4 Butoxy polypropylene glycol. 
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FORMULATION C 
AUG 20-SEPT 9 


-Methoxychlor residues in milk taken from cows 24 hours after being sprayed with 120 ml. of material per animal by means 


of an electric-eye-controlled sprayer. University Farm, Centre County, Pennsylvania. 1957. (Formulation A: oil-base spray contain- 
ing 1% methoxychlor, Lethane 384, synergized pyrethrins and butoxy polypropylene glycol; B: water-base spray containing 1% 


methoxychlor and diethyltoluamide; C: 


method of Claborn & Beckman (1952), slightly modified. 
By using a 200-ml. sample it was possible to detect 0.01 
p.p.m. of methoxychlor in milk; the accuracy of this com- 
bination of methods appears to be approximately +0.01 
p.p.m. Blank values were obtained from samples taken 
prior to the spray treatments, and all analyses are cor- 
rected for these blank values 

Resutts AND Discussion.—Results of the spraying 
experiments conducted on the University Farm, as shown 
in table 1, indicated that the oil-base spray, formulation 
A, containing methoxychlor in combination with Lethane 
384, synergized pyrethrins and butoxy polypropylene 
glycol, provided excellent protection against horn and 
stable flies; per cent control varied from 91.8 to 94.9, with 
a mean of 93.8. Formulation B, a water-base spray con- 
sisting of methoxychlor and diethyltoluamide was signifi- 
cantly less effective than the preceding formulation; it 
gave from 83.4 to 86.9% control, with a mean of 85.1%. 
Formulation C, which was identical with formulation B 
except for the addition of Thanite, caused a reduction of 
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METHOXYCHLOR RESIDUES IN p.p.m. 
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water-base spray containing 1% methoxychlor, diethyltoluamide and Thanite.) 


the fly populations ranging from 86.8 to 96.1%, with a 
mean of 91.4%, showing an effectiveness equal to that of 
formulation A but significantly greater than that of for- 
mulation B. Evidently, the presence of Thanite had con- 
siderably enhanced the efficiency of methoxychlor and 
diethvltoluamide mixture. 

Spraying experiments conducted on the Tilford Farm 
indicated that the performance of formulation D, a 
water-base spray containing methoxychlor and Thanite, 
was less than satisfactory. It reduced the populations of 
the stable and horse flies by 49.0 to 63.39%, with a mean 
of 58.3% (table 2). However, effectiveness was signifi- 
‘antly enhanced by the addition of butoxy polypropylene 
glvcol (in formulation E), achieving a control of from 
70.2 to 97.4% with a mean of 83.9%. 

Results of back rubber experiments showed that for- 
mulation la, an oil-base mixture containing 19% methoxy- 
chlor, butoxy polypropylene glycol and Thanite was un- 
satisfactory and inconsistent in its performance against 
horn and stable flies; per cent reduction of fly populations 
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an electric-eye-controlled sprayer. Tilford Farm, Northumberland County, Pennsylvania. 1957. 


conta 


JULY 11- AUG 30 


Methoxychlor residues in milk taken from cows 10 hours after being sprayed with 75 ml. of material per animal by means of 
(Formulation D: water-base spray 
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ing 1% methoxychlor and Thanite; E: water-base spray containing 1% methoxychlor, Thanite and butoxy polypropylene 


glycol.) 
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Methoxychlor residues in milk taken from cows using cable-type back rubbers treated with formulations containing methox- 


ychlor. University Farm, Centre County, Pennsylvania. 1957. (Formulation la: 1% methoxychlor, Thanite and butoxy polypropy- 
lene glycol; 1b: 4% methoxychlor, Thanite and butoxy polypropylene glycol.) 


ranged from 41.7 to 82.8, with a mean of 62.1 (table 3). 
The efficiency of this mixture was considerably improved, 
however, when the concentration of methoxychlor was 
increased to 4% in formulation 1b, which achieved a con- 
trol of from 73.9 to 94.9% with a mean of 85.9%. With 
only a few exceptions, the per cent control of flies re- 
ported above was an average of the results for every 5-day 
period. 

The formulations employed in both spraying and back 
rubber experiments were, in general, much more effective 
against the horn fly than against the stable fly or horse 
flies, when the data for each species were treated sepa- 
rately. 

None of the animals employed in the experiments was 
adversely affected by the treatments. 

The oil-base spray, formulation A, was applied from 
July 4 to August 1, 1957. As shown in figure 2, during the 
first 2 weeks, the amounts of methoxychlor found in the 
milk were irregular, varying from below the detectable 


Table 3.—Mean number of flies per animal per day and 
per cent control of horn flies and stable flies on dairy cattle, 
using cable-type back rubbers treated with formulations 
containing methoxychlor. University Farm, Centre County, 
Pennsylvania. July-September, 1957. 
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la 
10% BPG 
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86% Diesel oil 
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Ib 
10% BPG: 
4% Methoxychlor 
3% Thanite 
83% Diesel oil 


73 .§ 
83. 
88.6 
81. 
94. 
86. 
82.5 


Aug. 2 8 117. 
Aug. 25-29 19.6 115. 
Aug. 30-Sept.3 19.8 73. 
Sept. 4-8 13.2 468; 
Sept. 9-13 10. 201. 
Sept. 14-184 27. 202 .§ 
Sept. 19-214 29.6 169. 
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® Fourteen lactating Holsteins in each group. 

b t-test for difference in effectiveness between formulations la and 1b: 
t =4.142 (significant at .01 level). 

© Butoxy polypropylene glycol. 

4 Rainy period. 


level to a maximum of 0.04 p.p.m. Starting on July 20, 
however, there was a rather consistent regular buildup to 
a maximum of 0.1 p.p.m., followed by a decline to the for- 
mer levels. It is difficult to determine why the residue 
levels in the milk increased and decreased with such 
rapidity and regularity. It is apparent, however, that the 
figure of 0.1 p.p.m. represented the peak. The mean value 
for the 29-day period of spraying was 0.04 p.p.m. 

With the water-base sprays, formulation B, applied 
applied during a 12-day period between August 8 and 
August 19, showed consistent methoxychlor residues in 
the milk of 0.03 to 0.04 p.p.m. Formulation C, similar to 
formulation B, but with 3% Thanite added, was applied 
over a 21-day period. The residues were consistently 
slightly higher, ranging from 0.03 p.p.m. to 0.06 p.p.m., 
with a mean of 0.05 p.p.m. In this experiment, milk sam- 
ples were taken over a period of 12 days following the 
termination of spraying. As shown in figure 2, the con- 
centration of methoxychlor in the milk dropped to below 
the detectable level within 10 days after spraying was dis- 
continued. 

Formulation D, containing Thanite and methoxychilor, 
was applied early in the summer to a second dairy herd 
over a 15-day period (fig. 3). In this experiment, the maxi- 
mum methoxychlor residue in the milk was 0.05 p.p.m., 
and the mean 0.02 p.p.m. Formulation E, which followed 
formulation D on the same cows, was applied over the 
longest period of all, 51 days. The maximum residue 
found was 0.09 p.p.m., and the mean was 0.05 p.p.m. In 
this case it should be noted that this formulation was 
identical with formulation D which preceded it, except 
for the presence of butoxy polypropylene glycol, and that 
formulation E was applied to the cows starting immedi- 
ately after formulation D, with no break in the spraying 
schedule. Thus these cows were subjected to practically 
continuous spraying with 1% methoxychlor from June 
26 to August 30. The maximum residue in the milk was 
reached on August 16, some 52 days after spraying started 
on this herd. 

The two back rubber formulations, la and 1b, were 
identical except for the concentration of methoxychilor. 
Formulation la, which was available to the cows from 
July 11 to August 19, a period of 40 days, contained only 
1% methoxychlor, and produced no milk residue greater 
than 0.01 p.p.m. (fig. 4). Formulation 1b, containing 4% 
methoxychlor, gave slightly higher residues, the maximum 
being 0.03 p.p.m. The mean residue during the 33-day 
period that this formulation was available was 0.01 
p-p-m. It is obvious, of course, that with back rubbers tt 
is not possible to control the amount of formulation ap- 
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plied per animal, and for this reason these results are sub- 
ject to an added variable factor. 

The results of the spraying tests appear to be in general 
agreement with those obtained by Birk & Dixon (1951). 
These authors found a maximum of 0.06 p.p.m. of methox- 
ychlor in milk following spraying of the cows and the 
barn in which they were housed with methoxychlor sus- 
pensions. 
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Thimet Residues in Small Grains Grown in Treated Soil! 


J. H. Litiy, L. Mapampa, K. J. Frey, J. A. Brownina, W. H. OrGet, and P. A. Daum? 


ABSTRACT 


A formulation of 40% Thimet was mixed with 4-16-8 fertilizer 
and used to treat the soil of 8 by 8 foot plots at rates of 0, 1, 2 and 
4 pounds of Thimet per acre where small grains were subse- 
quently grown. The objectives were: (1) to see if these treat- 
ments would reduce the incidence of “blue dwarf” disease of oats 
by killing a possible arthropod vector, and (2) to study the Thi- 
met residue toxins, if any, present in oat, wheat and barley 
plants at different intervals after planting. The disease readings 
were made by visual inspection after the oats had headed; the 
chemical analyses were made by the method of Hensel et al. 


The oat disease “blue dwarf”’ at times raises havoe with 
studies in oat breeding nurseries by causing serious stunt- 
ing and blasting of large numbers of plants. Whether it is 
of much economic importance in commercial oat fields is 
questionable, since in solid plantings the other plants tend 
to compensate for the blue dwarf plants. The cause of this 
disease is unknown but the causal organism may be a 
virus (Moore 1952, McKinney 1956). If it is caused by a 
virus jt presumably could be spread by an arthropod 
vector 

Two recent papers have described experiments that are 
pertinent to the work reported here. Brown (1956) used 
Thimet and Isosystox in fertilizer mixtures applied to 
field plots where wheat was seeded under conditions 
favorable to infestation by the hessian fly, Phytophaga de- 
structor (Say). His results indicate that these insecticides 
“are capable of controlling the hessian fly at economical 
levels over a protective period of at least five weeks.” 
Pizarro & Arny (1958) used demeton as a soil drench, as a 
foliage spray, and as a seed treatment on oats in green- 
house pots to determine its effect on the apple-grain 
aphid, Rhopalosiphum fitchii (Sand.), one of the vectors of 
the vellow-dwarf virus disease. The drench method was 
the most effective in making the plants toxic to aphids, 
but it failed to give protection from barley yellow-dwarf 
infection. 

The experiment reported herein had a two-fold objec- 
tive: (1) to determine if Thimet, used as a systemic in- 
secticide in fertilizer mixtures, would prevent the de- 


(1954) as modified by Curry (1956). 

The following results were obtained: (1) Thimet residue toxins 
were found as early as 26 days and as late as 47 days after plant- 
ing but none was recorded in 36 analyses made on plants or grain 
68 days or more after planting; (2) the incidence of blue dwarf 
disease on oats was not substantially reduced by the Thimet 
treatments under the conditions of this experiment; (3) the 
Thimet-fertilizer mixtures did not cause any apparent phyto- 
toxicity to the three crops tested. 


velopment of the blue dwarf disease in oats, by killing 
possible arthropod vectors of the virus, and (2) to find the 
amounts of Thimet residue toxins, if any, in wheat, oat 
and barley plants at various intervals after planting. 
MarTertAts AND Metuops.—Application of Thimet- 
Fertilizer Mixtures and Planting Information. The Thimet 
was applied in insecticide-fertilizer mixtures at rates of 
0, 1, 2, and 4 pounds of Thimet per acre on 8X8 foot plots 
on Webster silt loam soil at the Iowa State College 
Agronomy Farm. Appropriate amounts of a formulation 
containing 40% by weight of Thimet on powdered char- 
coal and a 4-16-8 commercial fertilizer were mixed man- 
ually in polyethylene bags. The plain fertilizer and three 
insecticide-fertilizer mixtures were broadcast at the rate 
of 200 pounds of fertilizer per acre and immediately mixed 
with the top 3 inches of soil by disking. The oats (var. 
Clintland), wheat (var. Lee), and barley (var. Plains) 
were seeded on April 18, 1957; each plot consisted of 
eight, 8-foot rows with a 1-foot spacing between rows. 
Two replicates of each treatment were planted to oats, 
and one each to wheat and barley. To facilitate reading 
individual plants for blue dwarf symptoms the stands 

1 Journal Paper No. J-3368 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames. Projects No. 1363, 1256, 1351 and 1176. This in- 
vestigation was supported in part by a research grant, RG-4066, from the Divi- 
sion of Research Grants, Public Health Service and from the American Cy- 
anamid Co., New York City. Accepted for publication March 19, 1958. 

2 The help of Eugene Eness in obtaining plants for residue analysis is grate- 
fully acknowledged, as well as the help and interest of J. R. G. Sutherland of 
the American Cyanamid Co. The 40% Thimet on charcoal formulation used in 
these experiments was supplied by the American Cyanamid Co. 





624 


Table 1.—Occurrence of Thimet residue toxins in barley, 
oats, and wheat grown in Thimet-fertilizer treated soil. 
Ames, Iowa, 1957.* 





ANALYsiIs Serres A ANALysis Serres B 
Tumer Days Thimet Days Thimet 
(Ibs. After  Precip- Residue After Precipi- Residue 
A.) Planting itationb Toxins® Planting tationb Toxins® 


(p.p.m.) 
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(p.p.m.) 
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0 0 
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® Whole plants, with the roots removed, were used in these analyses. 

b Total inches of precipitation for the period between planting and sampling 
for residue analysis. 

© These values are calculated as Thimet, and are based upon standard curves 
prepared with Thimet and computed from the following relationship (Curry 
1956): 
ml. HeO added 

to sample 

during 
extraction 


ug. Thimet equivalent 
found in volume of 
extract used for 
analysis 


wt. of 
sample , 
. ~ 
in gm. 
p.p.m. residue 


toxins (ml. of extract used for 


wt. of sample in gm.) : 
‘ —— & analysis) 


were thinned to give from 25 to 35 plants per 8-foot row 
after samples had been taken for residue analyses. Pre- 
cipitation and other environmental factors were favor- 
able for small grain growth throughout the season. 

Analysis for Thimet Residue Toxins.—The four series of 
analyses for Thimet residue toxins were designated as 
A, B, C, and D. Plants selected at random for analysis 
were pulled, washed free of soil, and the roots removed. 
All analyses were completed on the day of sampling. The 
numbers of days after planting at which plants were col- 
lected for analysis series A and B are shown in table 1. 
The plants used in analysis series A and B were, on the 
average, in the 4- and 6-leaf stages of growth, respec- 
tively. The plants used in analysis series C (in the early 
dough stage) were collected at the following number of 
days after planting: barley, 68; oats (east replicate), 69; 
wheat, 74; and oats (west replicate), 79. The series C 
plants were separated into grain and vegetative parts for 
analysis. Analysis series D consisted of the grain har- 
vested when mature. 

The Thimet residue toxins were determined electro- 
metrically by the method of Hensel ef al. (1954) as modi- 
fied by Curry (1956). This procedure consisted of pre- 
paring aqueous extracts of the plant samples in a Waring 
blendor equipped with a hardened steel blade. The ratio 
of the plant sample weight to water in analysis series A, 
B, and C was 1:1.5. The actual quantities employed were: 
a 100-gram sample of plants from the Thimet-free plots 
was blended with 150 ml. of water, and a 30-gram sample 
of plants from each of the Thimet-treated plots was 
blended with 45 ml. of water. A greater amount of ex- 
tract of plants from the Thimet-free plots was prepared 
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to obtain standard assay curves. The samples of grain for 
analysis series D were ground to a fine powder with q 
Wiley mill. The ratio of powdered grain to water in this 
series was 1:3 for oats samples and 1:4 for barley and 
wheat. The actual quantities consisted of a 70-gram sam. 
ple of the powdered grain from the Thimet-free oat and 
barley plots and a 55-gram sample from the Thimet-free 
wheat plot. The extracts from these samples were used 
to prepare the standard assay curves. The samples from 
the Thimet-treated plots were 25 grams for the oat and 
barley plots and 20 grams from the wheat plots. 

Each aqueous extract was squeezed through several 
layers of cheese-cloth; the resulting liquid was adjusted 
to pH 7.5 with 1N sodium hydroxide solution, and a 35. 
ml. aliquot transferred to a 50-ml. volumetric flask. 
Cholinesterase (in human blood plasma provided by the 
Chemagro Corp., Kansas City, Mo.) was added to eaeh 
flask and the remainder of the procedure, including the 
preparation of a standard assay curve, followed the pro- 
cedures of Hensel et al. (1954) and Curry (1956). The 
plant extracts and cholinesterase were incubated at 
37.5° C. for 70 minutes. Next a 1-ml. aliquot’ from the 
volumetric flask, containing partially inhibited cholin- 
esterase, was allowed to react with the substrate acety! 
choline in a buffered (pH 8.0) solution for 1.5 hours at 
F<. 

The change in pH (delta pH) during this interval was 
computed from pH measurements (with a Beckman 
Model G, pH meter) made just before the addition of the 
acetyl choline and again after incubating for 1.5 hours. 
A decrease in pH indicated that acetic acid had been 
liberated by the hydrolysis of acety! choline. The change 
in pH was directly related to the amount of uninhibited 
cholinesterase remaining after the initial 70-minute in- 
cubation. Extracts prepared from plants free of Thimet 
residue toxins were subjected to the same procedures to 
provide delta pH values in the absence of residue toxins. 
These residue-free extracts were also used to prepare 
standard assay curves based on three concentrations of 
Thimet (320, 640, and 1280 ug., respectively). These 
curves were used in calculating the per cent inhibition of 
cholinesterase. A standard assay curve was prepared each 
time samples containing unknown amounts of residue 
toxins were analyzed. The methods for computing the 
per cent inhibition and parts per million of residue toxins 
are included in the references cited above. 

Reading the Incidence of Blue Dwarf.— Disease incidence 
was determined by actual count after the oat plants were 
headed. Plants in each treatment were rated as healthy 
or partially or completely blue dwarfed (Takeshita 
1956) 

Resutts anp Discussion.—Thimet Residue Toxins.— 
The results of series A and B analyses are given in table I. 
No residue toxins were detected in any of the samples 
comprising analysis series C and D. The data for analysis 
series A and B indicate that Thimet or its metabolites 
were present in the plants 4 and 6 weeks after planting 
when the plants were in the 4- and 6-leaf stages of growth. 
Somewhere between 6 weeks and 10 weeks after planting 
the residue toxins evidently dissipated to a point where 
they could not be detected. In case rainfall is an impor- 
tant factor in the uptake of Thimet by plants, it should 
be noted that precipitation was plentiful between the 
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samplings for analysis series B and C. No residue toxins 
were detected in either the grain in the soft dough stage 
analyzed separately in analysis series C, or in the ripe 
grain (harvested 68 days or more after planting). 

In addition to the rather irregular pattern of Thimet 
residue toxins between plant species and Thimet applica- 
tion rates (table 1), there was a disparity between the 
analytical results for the oats samples (c.f. analysis series 
A and B, oats—east, and oats—west). If one assumes that 
some variation occurred in applying the relatively small 
amounts of Thimet-fertilizer mixtures to the plots (4.7 
ounces of fertilizer per 64-square-foot plot), it would 
seem likely that the subsequent mixing with a disk and 
the method of sampling for residue analysis (consisting of 
taking plants at intervals in all of the rows within a plot) 
would increase the possibility of detecting a reasonably 
uniform pattern of residue toxins in the plant samples of 
analysis series A and B. 

Another important consideration involves the sensitiv- 
ity of the analytical method. For this discussion it will 
be assumed that 10% inhibition on the standard Thimet 
assay curve is the lowest reliable level of sensitivity of 
the analytical method. There were 17 standard Thimet 
regression curves prepared in the course of analyzing 
sample series A, B, and C. The mean value and standard 
deviation of the amount of Thimet needed to produce 
10% inhibition, as estimated from these 17 standard 
regression curves, was 10.4+4.4 p.p.m. of Thimet; the 
range in values for this same series was 4.6 to 24.3 p.p.m. 
of Thimet. In analysis series D there were three standard 
Thimet regression curves prepared while carrying out the 
analyses for residue toxins; the mean value of Thimet 
needed to produce 10% inhibition in this series of analyses 
was 23.7 p.p.m. and the range was 12.3 to 32.0 p.p.m. of 
Thimet. 

Bowman & Casida (1957) have shown that Thimet 
undergoes a series of enzymatic oxidations in plants, 
which results in the formation of a series of metabolites, 
all of which have greater cholinesterase inhibitory prop- 
erties than Thimet. We have determined that Thimet 
and its oxidized analogues*® have the following 50% in- 
hibition values (expressed in terms of micrograms of 
compound per 50 ml. according to the assay method out- 
lined above): Thimet, (C2H;O)2P(S)SCH»SC2H;, 553 
ug.; Thimet sulfoxide, (C.H;O).P(S)SCH.S(O)C.H;, 74 
ug.; Thimet sulfone, (C2H;O).P(S)SCH.S(O).C2H;, 
82.5 wg.; thiol analogue of Thimet, (C:H;O).P(O)SCH» 
SC.H;, 7.7 wg.; thiol-Thimet sulfoxide, (C.H;O).P(O) 
SCH.S(O)C.H;, 2.5 wg.; and thiol-Thimet sulfone, 
(C.H;0).P(O)SCH.S(O).C.H;, 0.63 ug. Thus these ana- 
logues of Thimet are from 7.5 to 880 times more cholines- 
terase-inhibitory than the parent compound by this 
method of analysis. Although this study did not in- 
volve a resolution of Thimet metabolites in the residue 
toxins, it seems reasonable to assume that the mixture 
of metabolites present at 4 and 6 weeks after planting 
(analysis series A and B) could have been at least 10 to 
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100 times more cholinesterase-inhibitory than the Thimet 
used in preparing the standard assay curves (Metcalf 
et al. 1957). On this basis, the 10% reliability value of 10 
p-p-m. Thimet listed above would be equivalent to a 
sensitivity of about 1.0 to 0.1 p.p.m. in terms of Thimet- 
residue metabolites. 

Field studies of the persistence of P-labeled Thimet 
and metabolites by Bowman & Casida (1957) included 
soil application of a water emulsion of Thimet at the rate 
of 0.5 gm. of actual insecticide per 24-foot row (the water 
emulsion was poured around the base of the plants). This 
rate of application would be roughly equivalent to ap- 
plying 1.3 gm. of actual Thimet to eight 8-foot rows. 
Although the method of application and formulation 
were different in the two experiments, approximately 
0.67 gm. (1 lb. Thimet /acre), 1.3 gm. (2 lb. Thimet /acre), 
and 2.7 gm. (4 lb. Thimet/acre) of actual Thimet were 
applied. Bowman & Casida (1957) found that Thimet 
per se persisted in vegetable crops for 17 and 32 days 
after soil and foliage applications. 

Incidence of Blue Dwarf Disease-——The blue dwarf 
readings showed small differences between the treated 
and control plots, and these results are therefore not re- 
ported in detail. The total numbers of diseased oat plants 
in the two replicates ranged from 59 for the 4-pound 
dosage to 78 for the controls. 
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Control of the Cabbage Looper with a Virus Disease! 


F. L. McEwen and G. E. R. Hervey? 


ABSTRACT 


Laboratory and field experiments showed that the virus which 


causes polyhedrosis of the cabbage looper (Trichoplusia ni 


(Hbn.)) is a highly virulent pathogen. In laboratory tests an 
oral dosage of 0.001 ml. of an inoculum prepared by triturating 
the body contents of one virus-killed fifth-instar cabbage looper 
in 16 liters of water caused infection and death of all larvae 
treated. 

Fie!d tests on cabbage, cauliflower and broccoli were conducted 
in which virus-killed cabbage loopers were triturated in water 
and applied at rates from 0.94 to 120 larvae per acre with a low- 


Growers of cole crops in western New York have three 
principal insect pests te control. These are the cabbage 
looper (Trichoplusia ni (Hbn.)), the imported cabbage- 
worm (Pieris rapae (L.)) and the cabbage aphid (Brevi- 
coryne brassicae L.). Of these, the cabbage looper has 
been the most difficult to control chemically and this has 
become increasingly pronounced since 1953 when the 
species developed a practical tolerance to DDT (Hervey 
& Swenson 1954, McEwen & Hervey 1956). 

The abundance of the cabbage looper in western New 
York varies greatly from year to year and normally does 
not reach its peak until mid-September. Thus, in 1953 
populations of 20 larvae per cabbage plant were common 
(Hervey & Swenson 1954) while in 1954 infestations in 
excess of 2 per plant were rare (Unpublished data). The 
1955 infestation, however, was again severe and although 
25 to 40 leopers per plant were common in September of 
that year, the cabbage looper was of minor importance in 
1956. 

As reported by Semel (1956) a virus disease completely 
decimated the cabbage looper population on Long Island, 
New York in 1955. In western New York, this disease was 
not evident until late September of that year but its 
virulence and distribution was so complete that attempts 
to establish a greenhouse colony from field collected 
larvae were unsuccessful. It is probable that this virus 
attack was the biggest factor contributing to the minor 
importance of the cabbage looper in 1956. Whether or 
not this disease was present to reduce the overwintering 
population in 1953 is not known. 

The polyhedrosis of the cabbage looper involved in the 
present study although first described as such by Chap- 
man & Glaser (1915) is probably the same as the disease 
mentioned by Riley (1870), Osborn (1892), and Sirrine 
(1894) and that which Chittenden (1902) believed to be 
of bacterial origin. It is of interest to note that Osborn 
(1892) and Chittenden (1902) as well as many of the later 
workers recognized the importance of this disease in 
keeping the cabbage looper in check (Shropshire & 
Compton 1935, Walker & Anderson 1936, Dills & Odland 
1950, Semel 1956). 

Working in California, Hall (1957) conducted field 
tests in 1953 and 1954 in which loopers infected with the 
polyhedrosis virus were triturated in water and used as 
virus inoculum for application to lettuce infested with 
the cabbage looper. These experiments involved use of a 


volume sprayer applying 30 gallons per acre. In all of the four 
field experiments it was possible to initiate a polyhedrosis epi- 
demic and thereby greatly reduce the cabbage looper population 
in such test plots. Although increased dosage caused more rapid 
disease progress, a dosage of 0.94 larva per acre initiated a poly- 
hedrosis epidemic. Six months storage of the inoculum at 0° F, 
did not cause any apparent reduction in pathogenicity nor was 
there any adverse effect noted when TEPP or spreader-sticker 
(Rohm & Haas B-1956) was added to the inoculum when ap- 
plied. 


hand sprayer with a single overhead nozzle, thus making 
application of virus only to the upper surface of the let- 
tuce leaves. By this method high larval mortality was 
obtained but, as pointed out by Hall, poor foliage cover- 
age enabled many young larvae to develop on the under- 
side of the leaves where the virus was not so readily 
contacted. Hall showed by laboratory experiments that, 


‘contrary to the view advanced by Semel (1956) following 


field observations, young larvae were more susceptible to 
the virus than the later larval instars. In addition, Hall 
substantiated Semel’s observation that increased tem- 
perature greatly reduced the time required for an in- 
fected larva to succumb to the virus disease. 

During 1957, experiments with the polyhedrosis virus 
of the cabbage looper were conducted at Geneva, New 
York. Laboratory and field tests in which the virus was 
artificially disseminated as a control agent are presented 
in this paper. 

MATerRIALS AND Metuops.—The polyhedrosis virus 
discussed in this paper was obtained from diseased 
cabbage loopers collected in the field late in 1956. During 
the winter months, the virus was multiplied in the green- 
house by infecting late instar larvae of the cabbage looper 
and collecting the cadavers following death. By this 
method 500 fifth instar larvae killed by the virus had 
been collected prior to April 1. This larval mass, in a 
high state of putrefaction, was then ground in a mortar 
and water added to make up a suspension of 500 ml. By 
this method each ml. of suspension contained approxi- 
mately the virus produced in one diseased, fifth instar 
larva. The suspension was then divided into 10-ml. 
samples and maintained in a freezer at approximately 
0° F. until required. When utilized the virus suspension 
was melted and diluted with water to the desired con- 
centration. In the laboratory experiment and in some 
field experiments, diseased loopers collected in the first 
field experiment were used as virus inoculum. By this 
method it was possible to compare freshly prepared 
virus suspensions with those which had been held in a 
frozen state for a considerable period of time. 

In the laboratory experiment, virus was presented to 


1 Journal paper no. 1111, New York State Agricultural Experiment Station, 
Geneva, New York. March 12, 1958. Accepted for publication March 19 1958. 
2 The authors wish to express thanks to Dr. E. H. Steinhaus for identifying 
the virus involved. They are also indebted to Drs. I. M. Hall, E. H. Steinhaus 
and Y. Tanada for reviewing the manuscript and offering constructive criticism. 
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Fic. 1.—Dutky-Fest microsyringe delivering 0.001-ml. droplet to excised leaf disc inserted in ccrk. 


healthy larvae by oral, topical and subdermal routes. 
Third and fourth instar larvae collected on field grown 
broccoli on September 10 were used in this experiment. 
In presenting the virus to the larvae by the oral route, 
the virus was deposited on the outer portion of an 8-mm. 
leaf dise of broccoli excised with a cork borer and in- 
serted half way in a slit in a No. 7 cork (fig. 1). A Dutky- 
Fest microinjector (Dutky 1942) calibrated to deliver 
0.001 ml. was used for deposition of the virus. The cork 
and leaf dise with virus was then used to stopper an 
18-mm. culture tube in which one healthy cabbage looper 
was placed. It was found that when the culture tube was 
placed in a horizontal position, the larva would consume 
the entire exposed leaf area and thus all of the virus de- 
posited (fig. 2). After the exposed leaf dise had been con- 
sumed, a portion of a virus-free broccoli leaf was inserted 
into each culture tube as food for the larva. Tubes were 
then placed vertically in racks and held at 70 to 75° F. 
until the conclusion of the experiment. 

Topical application involved placement of virus on the 
dorsal part of the larvae in the thoracic region. A small 
amount of Triton X-45 (Rohm & Haas Co.) was added to 
the inoculum so that the droplet would adhere to the in- 
sect. The injection or subdermal technique approximated 
that described by Dutky (1942) for Japanese beetle 
larvae except that the point of injection varied from the 
third to fifth abdominal segments. The Dutky-Fest 
microinjector was used for both topical and subdermal 
application and in each case dosages identical to those 
used in feeding tests were employed. Larvae thus treated 
were placed singly in stoppered culture tubes to which 
broccoli leaves had been added as food and maintained for 
the duration of the experiment. 
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a) 


Four field experiments were conducted. In each, ap- 
plication was made by a tractor-mounted low-gallonage 
sprayer (Hervey & Gunkel 1952) with one overhead and 
two drop nozzles per row. Sprays were applied at the rate 
of 30 gallons per acre using T-jet nozzles and a pressure 
of 80 lbs. per square inch. 

EXPERIMENTS AND RESULTS. 
periment, 10 loopers were used for each dosage of inocu- 
lum and method of inoculation employed. Five dilutions 


In the laboratory ex- 





Fia. 2.—Cabbage looper feeding on leaf disc. 


~ 
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Table 1.—Mortality of the cabbage looper 16 days after 
oral, topical and subdermal inoculation with 0.001 ml. of 
various dilutions of a suspension of a polyhedrosis virus. 





Mortauity OBTAINED BY THREE 
INOCULATION Metuops®* 
Virus Ditution 


LarvagE/Lirers WATER Sub-dermal 


Oral Topical 


v9 


] 

O;/: 

O/t 
6 O/ 
5 0/4 


t 10/10 
16 10/10 
64 6/9 
256 5/10 
1024 4/9 
Check (distilled water) 1/10 


ore © 


— 7 
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® Numerator equals number of larvae killed by the virus disease; denominator 
equals the number of larvae on which results are based. 


of inoculum were tested, each being more dilute than the 
one preceding by a factor of 4. The greatest concentra- 
tion employed was the body contents of one virus-killed 
fifth-instar larva in 4 liters of water. Applications were 
made using the most dilute inoculum first and working 
progressively through the more concentrated prepara- 
tions. The syringe and needle were thoroughly washed 
with hot water and rinsed with alcohol between successive 
preparations. Checks were treated with distilled water. 
The final results obtained 16 days after inoculation of the 
larvae are presented in table 1. Although all of the larvae 
inoculated by feeding on a leaf disc treated with the more 
concentrated inocula succumbed to the disease, several 
of those receiving smaller dosages survived. 

In the topical and subdermal inoculations, larvae were 
held between the thumb and forefinger. Anesthetization 
was not employed and the larvae had to be held rather 
rigidly due to their active nature. The handling to which 
the larvae were subjected was apparently injurious for 
more than half of those so treated died from causes other 
than virus disease. This mortality was slightly greater 
among larvae inoculated subdermally than those to which 
the inoculum was topically applied. The results in table 1, 
however, show that infection could be obtained by either 
topical application or by subdermal injection of the virus 
suspension. It would appear that the injection technique 
was the least efficient of the methods employed. In the 
topical applications, no provision was made to prevent 
the virus placed on the insect’s dorsum from contaminat- 
ing the food supply later provided the larvae. It is, there- 
fore, questionable whether the virus penetrated the 
integument or was obtained through oral ingestion of 
contaminated food. The authors are unaware of any in- 
stances in which it has been shown that an insect virus 
can penetrate the integument of the host. 

Although the data presented in table 1 represent counts 
made 16 days after virus inoculation, mortality was evi- 
dent much earlier especially with the more concentrated 
suspensions. Approximately 80% of the final virus in- 
cidence could be detected 6 days after inoculation and, 
within limits, it could be observed that the disease pro- 
gressed more rapidly in larvae subjected to a high con- 
centration of virus than to lower amounts. In general, 
symptoms of the disease developed similarly and with 
equal rapidity regardless of whether the virus was ad- 
ministered orally, topically or subdermally. 

Field test I—Virus suspensions were applied August 
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Fic. 3.—Control of the cabbage looper on cauliflower with virus 
disease, using 7.5, 30 and 120 diseased larvae per acre in a low 
gallonage spray. 


30 to cauliflower which had been set June 19th. Applica- 
tion was made to the two center rows of 4-row plots 100 
feet long separated laterally by a 12-foot barrier of rye to 
minimize spray drift from plot to plot. Dosages of 120, 
30 and 7.5 diseased loopers per acre were applied. There 
were four replications for each concentration tested. The 
effect of the treatments on the looper population was de- 
termined by removing five plants from the+treated rows 
in each plot, dissecting these and counting the number of 
diseased and healthy loopers present. In this manner, 
counts were made 7, 12, 20, 31 and 45 days after applica- 
tion of the virus. Counts obtained on the number of 
healthy loopers are summarized in figure 3. These data 
show that the number of healthy loopers remaining in 
the treated plots 7 days after application had been greatly 
reduced, especially at the high dosages. It can be readily 
seen (fig. 3) that the number of healthy loopers in the 
treated plots increased at the 12- and 20-day counts over 
that observed in the 7-day count. During the early part 
of September, oviposition was heavy and a great many 
larvae were hatching daily. The mean daily temperature 
during this period was 63.3° F. and from the data pre- 
sented by Hall (1957) it might be expected that at such 
a temperature, a period of 9 to 12 days would be required 
before newly hatched larvae would be killed by the dis- 


-ease. In the counts presented in figure 3 all healthy larvae 


are included, regardless of size. This accounts for the in- 
creased number of larvae during the 7- to 20-day period 
after treatment since, in the early instar larvae, it was 
most difficult to distinguish disease symptoms until 
moribundity had occurred. Following the initial 7-day 
count, it was rare to find a healthy fourth or fifth instar 
larva of the cabbage looper on any of the treated plants. 
With decreased hatching activity (31- and 45-day 
counts), the counts obtained more closely indicate the 
effectiveness of the virus in controlling the cabbage looper 
in these tests. Field observations also indicated that while 
the counts showed a considerable difference in effective- 
ness between the lower and higher concentrations, tls 
apparent difference disappeared when control was con- 
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sidered in terms of plant damage. Newly hatched larvae 
did not develop sufficiently to cause appreciable damage 
in any of the treated plots. The increased number of small 
larvae found in plots receiving lower concentrations of 
inoculum was probably due to a slightly longer disease 
incubation period in the larvae for the lower than for the 
higher concentration. Such an effect was noted in the 
laboratory experiment and has been previously reported 
(Hall 1957). 

Field test 1I.—Sprays containing the polyhedrosis virus 
were applied to partially-headed cabbage on September 
12. Various dosages of both freshly prepared and stored 
diseased loopers were employed as inocula. Plots con- 
sisted of a single row, 50 feet long. There were five repli- 
cates of each treatment and plots were separated laterally 
by one buffer row of cabbage. Sprays were applied during 
a period of intermittent rainfall with a temperature of 
approximately 75° F. During the period following applica- 
tion, the mean daily temperature was approximately 
64.0° F. and symptoms of the disease did not develop as 
rapidly as in the initial stages of the preceding experi- 
ment. Counts of diseased and healthy loopers were 
made on September 23 and October 1, 11 and 19 days, 
respectively, after application. Data on healthy loopers 
are summarized in table 2. These data indicate that 
freshly prepared and stored virus suspensions were 
equally effective in initiating the virus disease. With 
either preparation a per acre dosage equivalent to the 
virus found in 3.75 diseased fifth instar larvae caused a 
high disease incidence. Although the data indicate that 
the lower concentrations were less effective, this was 
probably due to a reduced rate of disease progress and 
was less pronounced in the 19-day count. As in the earlier 
experiment, rarely were healthy late-instar cabbage 
loopers found in any of the treated plots on the 19-day 
count. 

Field test I111.—Sprays containing the polyhedrosis 
virus were applied to near-headed cabbage on September 
13. Spreader-sticker (Rohm & Haas Co. B-1956) was 
included in all sprays and in one, TEPP was included at 
the rate of one-half pint per acre to determine whether 


Table 2.—Mean number of healthy cabbage loopers per 
five cabbage plants and per cent control 11 and 19 days after 
application of various dosages of freshly prepared and stored 
suspensions of a polyhedrosis virus. 





Mean No. or Heauttuy Loopers 
AND Per CENT CONTROL 


Virus 11 Days 19 Days 
DosaGE - - — 
Loop- Tyrer or Per Cent Per Cent 
ERS/A. SUSPENSION Loopers Control Loopers Control 
30 fresh 3.8 82.7 1.8 92.0 
15 fresh 4.0 81.8 2.2 90.2 
7.5 fresh 3.6 83.6 3.8 83.0 
3.75 fresh 7.6 65.5 3.8 83.0 
1.88 fresh 10.0 54.6 7.2 67.9 
0.94 fresh 1.2 67.3 5.6 75.0 
15.0 stored 1.8 91.8 3.4 84.8 
3.75 stored 5.0 717.3 2.8 87.5 
Check 22.0 3.5° 22.4 5.5 





* Percentage larvae diseased in check plots. 
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Table 3.—Mean number of healthy cabbage loopers per 
five cabbage plants and per cent control 10 days after ap- 
plication of six virus-containing sprays. 











HEALTHY 
Virus LoopEers 
DosaGE TYPE OF PER FIve Per Cent 
Loorers/A. SUSPENSION PLANTS CONTROL 
15 fresh 0.2 97.9 
5 fresh 1.2 89.6 
5+TEPP fresh 1.5 87.5 
30 stored 0.8 93.8 
10 stored 2.2 81.2 
5 stored 2.0 3.4 
Check 12.0 9.48 





® Percentage larvae diseased in check plots. 


or not it adversely affected the virus. Both freshly pre- 
pared and stored virus suspensions were tested. Each plot 
consisted of a single row 400 feet long. Treatments were 
replicated four times. Counts made on the number of 
healthy larvae per five plants 10 days after application of 
the virus are summarized in table 3. 

All of the sprays applied provided good control of a 
relatively light infestation of the cabbage looper. Freshly 
prepared and stored suspensions of the virus were equally 
effective and there was no indication that the addition of 
TEPP affected the virus activity in any way. 

Field test 1V.—Four concentrations of freshly prepared 
and stored virus suspensions were applied to broccoli on 
September 23. Spreader-sticker was added to all sprays. 
Each treatment was applied to a single row 50 feet long 
and was replicated five times. With prevailing cooler 
temperatures (mean daily temperature September 23 to 
October 15, 52.3° F.) neither the cabbage looper nor dis- 
‘ase symptoms developed rapidly. Since it was suspected 
that the low temperature was delaying disease progression, 
43 larvae were collected from the virus-treated foliage on 
October 7 and brought to the laboratory where they were 
maintained on virus-free broccoli leaves at a temperature 
of 70° F. Two days later 18 of the 43 larvae were showing 
advanced stages of the polyhedrosis. Four days after the 
larvae had been brought into the laboratory, 31 had 
succumbed to the disease, 10 had pupated and 2 remained 
healthy. Recognizable symptoms of the virus disease 
began to appear in the field about October 12 and a 
count was made on October 15 by dissecting five broccoli 
heads from each plot. Data on healthy loopers are sum- 
marized in table 4. 

A high degree of infection was obtained in all treated 
plots. Even where the application of virus per acre 
equalled that from 0.94 infected larvae, control in excess 
of 75% was realized. As in the earlier experiments, 
freshly prepared and stored suspensions were equally 
effective. 

Discussion.—Although it had been known for many 
years that an epidemic of polyhedrosis could eliminate 4 
destructive population of the cabbage looper, it was not 
until 1953 (Hall 1957) that experiments were conducted 
to assess its value as a practical method of control. In that 
year, Hall showed that when larvae infected with the 
virus disease were triturated in water and sprayed on 
lettuce, larvae of the cabbage looper subsequently feeding 
on this treated foliage contracted the disease and died. 
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Table 4.—Mean number of healthy cabbage loopers per 
five broccoli heads and per cent control 22 days after ap- 
plication of four concentrations of freshly prepared and 
stored suspensions of the polyhedrosis virus. 





HEALTHY 

LOoPERS 

PER Five 
Heaps 


Virus 
DosaGE TYPE OF 
Loopers/A. SUSPENSION 


Per CENT 
CONTROL® 
0 8S. 
0 88. 
2 
4 
0 
.6 
4 


2 


60 fresh 
15 fresh 
3.75 fresh 
0.94 fresh 
60 stored 
15 stored 
3.75 stored 
0.94 stored 
Check 


wi 2 


SRW K COS 





® Based on total in check. 
> Total larvae in check. 
© Percentage larvae diseased in check plots. 


This demonstration of the artificial production of a poly- 
hedrosis epidemic was repeated the following year (Hall 
1957) where extended observations indicated control of 
a practical nature. In the work reported in this paper, 
application of virus suspensions to cabbage, cauliflower 
and broccoli confirm Hall’s findings that a polyhedrosis 
epidemic can be initiated and timed to insect development 
in such a manner as to provide satisfactory control. 
Due to the different hosts used, methods of application 
involved, and climatic variations between California 
and New York, results reported by Hall and in the pres- 
ent study are not strictly comparable. However, some 
comparisons will be attempted for the purpose of discus- 
sion. 

Hemacytometer counts indicate that in the present 
study a dosage of 60 diseased fifth-instar larvae per 30 
gallons of water contains approximately 3.8 10° poly- 
hedra per ml. This would indicate that the lowest dosage 
used in these tests (0.94 larva per acre) was approxi- 
mately 6.010 polyhedra per ml. If allowance is made 
for the lower gallonage used by Hall (1957) in his 1954 
tests, his lowest dilution of 1.0 10° polyhedra per ml. is 
equivalent to 6.3 larvae per acre (assuming identity of 
viruses and polyhedral production between that used by 
Hall and that employed in the present study). If this 
comparison is tenable, the control obtained on cauliflower 
at Geneva with 7.5 larvae per acre (fig. 1) was consider- 
ably better than would be expected on the basis of the 
California tests (Hall 1957, fig. 1). This better perform- 
ance is probably largely attributable to better spray 
coverage in the Geneva experiments. It would appear 
from the Geneva tests on cabbage and broccoli that, at 
least under certain conditions, a spray containing one or 
two diseased Jarvae per acre may be adequate for prac- 
tical control. Such a dilution has been shown to be effec- 
tive for the polyhedrosis of the European pine sawfly, 
Neodiprion sertifer (Geoff.) (Dowden & Girth 1953). 

In attempting to utilize an insect disease as a practical 
means of control, it must be borne in mind that diseases 
have an incubation period of variable length. During : 
part of this incubation period the host insect will feed at 
a normal rate and thereby cause damage to its host crop. 
In this connection, the lepidopterous pests of crucifers in 
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New York have habits which permit use of such control 
agencies in that the eggs are deposited on the outer 
foliage and the young larvae feed there for several days 
before moving to that portion of the plant which will be 
marketed. Under suitable temperature conditions, this 
period is adequate for the incubation of the polyhedrosis 
of the cabbage looper so that damage to the marketable 
portions of the crop is negligible. 

Although the cabbage looper is the most difficult to 
control of the cabbage insects in New York, the im- 
ported cabbageworm is also of major importance and 
any control program must account for this pest. The 
polyhedrosis virus so destructive to the cabbage looper 
is apparently innocuous to the imported cabbageworm 
but the latter insect is subject to a granulosis which lends 
itself to artificial dissemination. Tests in Hawaii have 
shown that this granulosis used at a dosage of two larvae 
per gallon of spray provides control of the imported 
cabbageworm (Tanada 1956a, 1956b). Experiments in 
1958 in New York will include both the polyhedrosis of 
the cabbage looper and the granulosis of the imported 
cabbageworm 1n field trials. 
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Insecticides for Control of the Sugarcane Beetle on Corn! 


C. A. Henprrson, J. W. INcram, and W. A. Douaias, Entomology Research Division, Agr. Res. Serv., U.S.D.A2 


ABSTRACT 


Several insecticides were applied in a band along the drill at 
corn-planting time or soon after plants emerged for the control 
of the sugarcane beetle, Euetheola rugiceps (Lec.), in Mississippi. 
Aldrin and heptachlor granules and sprays at 1 pound per acre 
were the most effective and gave about equal control. Dieldrin 
was as effective as aldrin in a spray, but not in granules. Thiodan, 
Thimet, Guthion, Chlorthion, and Sevin were ineffective at the 


dosages used. 


The sugarcane beetle, Euethecla rugiceps (Lee.), is an 
important pest of corn in the Southern States. It feeds 
on the corn plant just below the surface of the ground, 
making a ragged hole which may extend more than half- 
way through the stem. Young plants are usually killed, 
and older plants may be severely stunted and distorted. 
The beetle overwinters as an adult, and the spring injury 
is caused by the overwintered beetles. 

A full discussion of this pest, formerly also called the 
rough-headed corn stalk beetle, and its control is given by 


Phillips & Fox (1933). Ingram et al. (1951) did not ob- 
tain control of this beetle on sugarcane with insecticides 
before the new organic insecticides became available. On 
corn Eden (1954) obtained good control with several 
organic insecticides. Since 1953 experiments have been 
conducted at State College, Miss., to determine the most 
effective insecticide for the control of this beetle on corn, 
and the best method and time of application. 

A preliminary experiment conducted in 1953 indicated 
that aldrin and dieldrin were the most promising in- 
secticides. In 1954 seed treatments with aldrin, dieldrin, 
chlordane, heptachlor, and lindane at 14, 3, and 6 ounces 
per bushel all failed to give control. 

In 1955 and 1956 a large number of experiments were 
conducted, each experiment consisting of four or more 
treatments and an untreated check, with four replica- 
tions. Each plot was four rows wide and 1/100 acre in 
size in 1955 and six rows wide and 1/50 acre in 1956. 


1 Accepted for publication March 24, 1958. 
2 In cooperation with the Mississippi Agricultural Experiment Station. 


Table 1.—Percentages of corn plants killed by sugarcane beetles in plots treated with aldrin and dieldrin at 1 pound per 


acre in sprays and granules. 





EXPERIMENT NUMBER 


‘TREATMENT 1 2 3 4 5 
Aldrin 

Spray 6.3 $.2 = 

Granules 5.6 4.1 9.1 19.4 1.4 
Dieldrin: 

Spray 6.4 3.5 

Granules 12 4.1 9.4 18.2 2.6 
Untreated 25.3 6.6 21.3 32.8 8.6 


AVERAGES 


First two 


6 7 8 Expts. Sprays Granules 
10.5 0.4 4.8 5.1 
2.0 = 4.8 6.9 
10.5 0.4 5.0 §.2 
2.0 aon 8.3 _ 8.1 
3.6 18.2 2.0 16.0 13.0 16.5 





Table 2.—Percentages of plants killed by the sugarcane beetle in tests with aldrin and heptachlor at 1 pound per acre in 





sprays and granules. 





TREATMENT 1 2 3 4 5 
Aldrin: 
Spray 1.2 2.4 18.1 4.8 
Granules 1.8 2.2 17.2 5.4 (Px 
Heptachlor: 
Spray 1.0 2.4 10.8 3.7 
(rranules 3.9 3.6 18.8 4.6 10.0 


Untreated 12.0 51.9 


AVERAGES 


First four 


6 7 8 9 Expts. All Expts. 
6.6 - 
14.8 5.6 1.3 $3.7 6.5 6.6 
$.5 
19.6 5.9 2.4 4.5 T4 8.1 
32.8 25.3 3.9 6.6 24.0 20.7 
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Table 3.—Percentages of plants killed by the sugarcane 
beetle in experiments comparing aldrin at 1 pound per acre 
in spray and granules. 
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The insecticides in spray or granular form were usually 
applied on the soil in a 6- to 8-inch band along the drill at 
the rate of 1 pound per acre. The control was determined 
by counts of beetle-killed and live corn plants on the two 
inside rows of each plot in 1955 and on the four inside 
rows in 1956. 

In eight experiments comparing aldrin and dieldrin 
(table 1) both sprays gave about the same control, but 
aldrin granules were somewhat better than dieldrin 
granules. 

In nine experiments comparing aldrin and heptachlor 
(table 2), these insecticides gave about the same control 
both in sprays and granules. 

In ten experiments comparing aldrin spray and gran- 
ules (table 3), both formulations gave the same control. 

In two experiments with aldrin and heptachlor sprays 
and granules applied on the surface of the soil (table 4), 
both formulations gave approximately the same control 
whether or not they were covered. In a comparison of 
these treatments applied at planting and after the corn 
was 4 to 6 inches high (table 5), almost the same control 
was obtained, but the earlier application protected the 
corn for a longer time. 

In five experiments comparing yields of dent corn in 
plots receiving different treatments (table 6), where less 
than 25% of the plants were killed in the untreated check 
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Table 4.—Percentages of plants killed by the sugarcane 
beetle in tests comparing aldrin and heptachlor at 1 pound 
per acre lightly covered by soil and not covered following 
application. 








EXPERIMENT 1 EXPERIMENT 2 





AVERAGE 


Not 
Cov- Cov- 
ered ered 


Not 
Cov- 
ered 


Not 
Cov- 
ered 


Cov- 
ered 


Cov- 
TREATMENT ~ ered 
Aldrin: 
Spray 2 14.8 0.8 0.9 9.: 
Granules s 19.6 0.6 0.2 


Heptachlor: 
Spray ; 19.§ 
Granules 


Untreated { 51.§ 





there was no increase in yield from beetle control, but in 
heavier infestations there were good increases. 

In tests with more recently developed insecticides 
(table 7), none of them gave as good control as aldrin. 
All plants showing no above-ground injury were dug up 
and examined. Practically as many plants were found to 
be injured as had been killed. 

In an experiment in which granules containing 5, 10, 
and 20% of aldrin were compared with an aldrin emulsion 
spray, approximately equal control was obtained with the 
spray and with all concentrations of the granules. How- 


Table 5.—Percentages of plants killed by the sugarcane 
beetle in tests comparing aldrin and heptachlor at 1 pound 
per acre applied at planting time and after corn was up. 





TREATMENT At PLANTING TIME Arrer Corn Was Up 


Aldrin: 
Spray 3.0 10.5 
Granules 2.9 9. 


Heptachlor: 
Spray 
Granules 


Untreated 





Table 6.—Effect of sugarcane beetle control with insecticides* on yield of dent corn. 





Expt. 1 Expt. 


TREATMENTS Ab B A 


Aldrin: 
Spray 
Granules 


Heptachlor: 
Spray 
Granules 


Dieldrin: 
Spray 
Granules 


Chlordane dust 


Untreated 12.0 23 15.6 28 


AVERAGE FOR 
Expt. 4 Expt. 5 Expts. 1-4 


B A B A B 





® Chlordane applied at 2 pounds, all others at 1 pound per acre. 
” A, designates per cent of plants killed; B, yield in bushels per acre. 
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Table 7.—Effectiveness of some insecticides against the 
sugarcane beetle, 1956. 








Per CENT OF 
Per Cent or ADDITIONAL PLANTS 


INSECTICIDE* PLANTs KILLED SHOWING INJURY 








Aldrin (emulsion spray) 18 — 
Thimet (4% granules) 32 +4 
Thiodan (5% granules) 36 32 
Chlorthion (emulsion spray) 36 37 
Guthion (5% granules) 39 39 
Sevin® (emulsion spray) 44 33 
Untreated 55 32 





® Thimet applied at 2 pounds, all others at 1 pound per acre. 
b N-methyl-1-naphthy! carbamate. 


ever, it is easiest to get a good distribution with the 
granules of largest poundage per acre. 

In an experiment to determine the best method of ap- 
plying the granules to soil, a fertilizer distributor on a 
tractor, a Gandy spreader with all but three holes stopped 
up, and a dust gun all gave about equal control. 

In all the experiments reported it was found that sprays 
applied at the rate of at least 15 gallons per acre caused 
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practically no burning of the young corn plants, and 
that, although there was some burning from granules 
where they fell in the whorl or leaf sheath, it was never 
of importance. 

On the basis of research results thus far, the recom- 
mendation for sugarcane beetle control in corn is 1 
pound of aldrin or heptachlor per acre, in an emulsion 
spray or granules, applied in a 6- to 8-inch band along the 
drill at planting time or soon after the corn comes up. 
Since damage by this beetle is frequently localized and 
difficult to predict, treatment may be delayed until the 
corn is 3 to 5 inches high if a heavy infestation is not 
apparent before that time. 
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Agricultural Insects of the Paraguayan Chaco! 


Joun L, Nicket, Entomologist, Maple Leaf Foundation, Wasco, California 


ABSTRACT 


The results of a 13-month study of agricultural insects in a 
remote region of the Paraguayan Chaco are reported. The most 
serious general crop pests are leaf cutting ants, the migratory 
locust (Schistocerca paranesis Burm.), and spider mites (Tetra- 
nychidae). Cotton insects were studied in the most detail, with 
the cotton leafworm (Alabama argillacea (Hbn.)), the cotton 
bollworms (Heliothis spp.), the pink bollworm (Pectinophora 
gossyprella (Saund.)), and the cotton stainer (Dysdercus pallidus 
(Bléte) considered as major pests. Oxrycarenus hyalinipennis 
is present and possibly of considerable importance. Aphids, 
lacebugs, whitefly, a coreid, a lygaeid, a broad-nosed weevil, 
and a Diabrotica beetle are considered minor pests of cotton. A 


The observations recorded here are based on a study 
made of the insect problems in the Mennonite colonies 
located in a remote portion of the Chaco area of Para- 
guay, approximately 250 air miles northwest of the 
capitol, Asuncion. 

This area is approximately on the Tropic of Capricorn, 
and is a sub-tropical region with sporadic rainfall inter- 
spersed by extensive dry periods. Weather records for the 
20-year period from 1932 through 1951 indicate that 
freezing temperatures occured in 8 years with a total of 
only 19 days of frost. During this same period an average 
of 20 days per year had maximum temperatures of over 
104° F. occurring mainly in the months of September 
through February. Rainfall during the 20 years averaged 
31 inches per year, with the wettest months from Decem- 
ber through February and the driest months from June 
through August. The year in which these observations 
were made and that immediately preceding it were un- 
usually dry and the winter was the coldest on record. 


number of other phytophagous insects were found only occa- 
sionally on cotton. 

Several species of caterpillars are important some years on 
peanut foliage. False spider mites (Tenuipalpidae) are suspected 
of causing fruit scarring on tangerines and causing a toxin dis- 
ease of oranges. Several species of moths inflict severe damage to 
citrus and guava by their feeding punctures. 

Climatic factors, particularly sporadic rainfall, and hot, dry, 
spring winds, as well as effective predation are considered phe- 
nomena responsible for the fact that some of the insect problems 
are less severe than those caused by the same pests elsewhere. 


The cropland consists mainly of sandy clearings in the 
dense, thorn-scrub forest. The major crops in order of 
decreasing importance are cotton, peanuts, sorghum, 
citrus, cowpeas, sweet potatoes, and watermelons. 

The agricultural insect problems of this region are of 
particular interest because they have not been previously 
studied and because of the extreme isolation of this area. 
The colonists, mostly refugees from Russia, have in 25 
years established a commendable agricultural community 
in a virgin territory, but have had only a very limited 
concept of entomological matters. 

Metuops.—These observations were made over a 13- 
month period from March, 1955 to April, 1956. Villages 
throughout the area were visited and records made of 
infestations and conditions. Detailed counts of injurious 
and beneficial insects were made weekly in cotton plots at 


1 Accepted for publication March 24, 1958. 
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the colony experimental farm as well as small control 

trials conducted where infestations occurred. Whenever 

counts were made by sweeping, a standard University of 

California sweeping net was used (Smith & Smith 1951). 

Organdy sleeve cages were used to determine injury and 
biology of certain pests. 

Except where otherwise noted, all identifications were 
made through the offices of P. W. Oman, Director, Insect 
Identification and Parasite Introduction Laboratories, 
U.S. Department of Agriculture. 

GENERAL Crop Pests.—The following pests are equal- 
ly destructive over a wide range of crops. 

Leaf Cutting Ants.—Ants of the genus Atta are present 
generally over this area and are serious pests. Two species 
were encountered, one of these is controlled relatively 
vasily as the nest is apparently directly underneath the 
multiple-galleried mound, so that the pouring of a con- 
tact insecticide, such as chlordane, into the entrance of 
the nest gives satisfactory results. However, the other 
species, which is characterized by the construction of 
half-moon-shaped mounds of soil pellets at each exit hole, 
is very difficult to control. It constructs a network of long 
galleries leading to the surface in various directions 
from the deep nest. The use of a contact insecticide in one 
of these entrances inactivates that localized area, but 
another exit mound will appear nearby in a few days. 
The most satisfactory results have been obtained with 
methyl bromide fumigation, and even this often requires 
repeated applications to effectuate complete eradication 
of the given nest. 

Migratory Locust.—This pest did not appear during the 
course of this study. However, in most years large swarms 
invade this region doing extensive damage to all crops 
in their path. Logothetis (1952) discussed this pest in 
more detail and identified it as Schistocerca paranesis 
Burmeister. 

Spider Mites —The most important mite pest in this 
region is the desert spider mite, Tetranychus desertorum 
Banks. It occurs on a wide host range and was collected in 
destructive numbers from alfalfa, barley, beans, brome 
grass, clover, corn, cotton, dill, onion, muskmelon, and 
watermelon. In addition it was found infesting a number 
of weed hosts. The mites are active throughout the winter 
and spread rapidly with the hot, dry winds of early 
spring. They inflict severe damage when present in large 
numbers. Figure 1 shows a case in which these mites 
destroyed the stand of seedling cotton in a portion of a 
field. They build up on winter weeds, of which Verbena 
tenuisecta Briquet? is the most important. 

An undescribed species which is also red, but with im- 
mature stages and males green to straw-colored, was 
collected on cotton, cucumbers, manioc, papaya, and 
sweet potatoes. Control trials demonstrated that both 
species are readily controlled by dusting sulfur. 

W ireworms.—Wireworms of the genus Horistonotus are 
an important factor in obtaining a stand of some crops. 
They were found together with hollowed seeds in the 
course of investigating skips in cotton and peanut stands. 
Seeds are particularly vulnerable to wireworm attack 
under Chaco conditions, as the sandy soil dries out rap- 
idly after seeding and the seeds must often lie in the soil 
several weeks before another rain will enable them to 
germinate. 
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Others.—Caterpillars of the genus Mocis were observed 
moving in armyworm fashion from wild grass to culti- 
vated crops. 

The fall armyworm, Laphygma frugiperda (J. FE. 
Smith) was present in great numbers.and on many hosts 
in early April. At this time it was observed to be causing 
serious injury to cultivated seedling grasses. 

Corton Prsts.—Cotton Leafworm.—The cotton leaf- 
worm, Alabama argillacea (Hiibner), is probably the most 
consistently destructive pest of cotton in the Paraguayan 
Chaco. Its habits and type of injury are well known and 
will not be discussed here. It may be significant to note, 
that in spite of several consecutive nights with tem- 
peratures of 20° F. in July, leafworm larvae in all stages 
of development were present by the time some of the 
-arliest cotton reached a height of 6 to 12 inches in Octo- 
ber. It is generally conceded that no stage of cotton leaf- 
worm can survive such freezing temperatures and that the 
adults can fly for long distances. This pest had previously 
been reported only from cotton, but Fenjves (1950) 
and Szumkowski (1953) have found it infesting the 
malvaceous wild host Cienfuegosia affinis (H.B.K.) 
Kochr. which is said to occur from Colombia to Brazil 
and Paraguay. 

Leafworms never reached an economic level in the 
experimental farm plots. Weekly counts demonstrated a 
low population until midDecember, at which time the 
cotton was about 6 weeks old and in the pre-bloom stage. 
The numbers increased rapidly until the first week in 
January when they suddenly diminished, to remain low 
for the rest of the season. A slight buildup was observed 
in early March, but this also suddenly subsided. Drought 
periods consisting of several weeks without significant 
rainfall coincided with each of the reductions in the popu- 
lation and should be considered as a major contributing 
factor to this situation. 

Predation was probably also a significant factor in the 
sudden arrest of the leafworm buildup. Observations on 
January 23rd indicated the presence of a considerable 
number of empty leafworm eggs but only a few early 
instar larvae. The January 30 counts indicated the early 
instar larvae observed the previous week had also dis- 
appeared. The most conspicuous predators present were 
the big-eved bug, Geocoris ventralis Fieber, the coccinelid, 
Hyperaspis festiva Mulsant, and several species of green 
spiders. 

Although leafworm infestations over the area were 
much reduced from previous years, there were isolated 
instances of damaging populations. In one of these, with 
a population of two larvae per sweep, replicated control 
trials were conducted. A lead arsenate spray using 5 
pounds per acre effected a 98% reduction. This is a good 
material to use under Chaco conditions, when only 
leafworm is involved, as it is probably less destructive to 
beneficial insects than most organic insecticides, and in 
these tests displayed remarkable tenacity. A week after 
application those plants treated with lead arsenate still 
showed heavy residues despite 4 inches of intervening 
rainfall. 

Several parasitic flies of the genus Sarcophaga were 
reared from parasitized leafworm pupae. 


2 Identification by Harold N. Moldenke, Trailside Museum 
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Fia. 1. 


Cotton Bollworm.—Three species of cotton bollworms 
were involved: Heliothis zea (Boddie), Heliothis virescens 
(Fabricius) and Heliothis gelotopoen (Dyar), with the 
following observations made on the mixed populations 
without reference to species. Light to fairly heavy in- 
festations occurred over the entire area in late December 
and early January. In many fields most terminals con- 
tained bollworm eggs and indicated a potentially serious 
outbreak which never materialized. Counts made on 
January 2nd, on 250 plants in the experimental farm 
plots indicated that 91% of the terminals contained 
bollworm eggs, 60% had injured terminals, with many 
plants also showing bollworm injury to buds and bolls 
but with no bollworms found. The next week's counts, as 
with the leafworms described above, found most eggs 
empty and only a very few young larvae present. Fresh 
terminal injury on many plants indicated that larvae had 
hatched and begun to feed, then disappeared. The dis- 
tribution of the bollworm injury on January 2nd was not 
uniform through the 20 plots. Comparison of Geocoris 
counts made in the same plots indicated a positive cor- 
relation between bollworm injury and the presence of 
Geocoris. Correlation coefficient r=.645 (d.f.=18, ros 
= 444, ro: =.561). The weather factors discussed above 
with regard to leafworm very likely played a role of some 
importance here as well. 

Pink Bollworm.—The pink bollworm, Pectinophora 
gossy piella (Saunders), contrary to what would usually be 
expected, was not the most serious threat to the cotton 
culture. Field observations, supported by a number of re- 
ports from growers, indicated that the pink bollworm 
ordinarily became severe only late in the season, appearing 
in late March or April. With satisfactory growing con- 
ditions and good cultural practices the major portion of 
the crop should be harvested by this time. According te 
reports, severe infestations earlier occur rarely, and thesc 
When rainfall is heavier than normal. 


Cotton field showing portion destroyed by Tetranychus desertorum Banks. 


This insect’s relative lack of severity occurs in spite of 
the fact that cultural practices leave much to be desired. 
Planting is spread out over a period of several months 
and harvesting often extended almost to the time the 
next year’s crop is planted. Gin sanitation and handling 
of seed is also such as would favor pink bollworm infesta- 
tions. Weather factors probably prevent this pest from 
being more severe. Most winters are practically without 
rain and are characterized by periods of intermittent hot 
and cold weather followed by hot, dry, dust storms in the 
spring. To determine the effect of these conditions on the 
winter survival of the pink bollworm, a number of fields 
which had demonstrated heavy late infestations in the 
last year’s crop were inspected in September and October. 
The old crop residue in those fields had been lightly 
worked into the soil several months prior to the inspec- 
tion, followed by such climatic conditions as described 
above. Many bolls, showing evidence of severe, previous 
injury, lying on the surface of or in the very sandy soil, 
were carefully examined. These were found to contain no 
live larvae, though several dead larvae were encountered. 

Cotton Stainer.—This pest was present in cotton fields 

n increasing numbers in the latter portion of the growing 
season and was encountered first on leaves and green bolls 
then in great numbers on the open bolls. It has been 
identified as Dysdercus pallidus Bléte. Found quite fre- 
quently associated with it but in lesser numbers was 
Jadera sanguinolenta (Fabricius) which probably inflicts 
similar damage. At first it was felt that the main damage 
caused by the cotton stainers was their adverse efiect on 
lint and sted from their feeding in the open bolls. How- 
ever, because they occurred in large numbers in cotton in 
which no bolls had yet opened,”and had been observed 
with their proboscis in green bolls, trials were conducted 
in sleeve cages to determine the effect of such feeding. 
Adults and last instar nymphs of D. pallidus were placed 
in organdy bags with medium-sized and large green bolls. 
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These, as well as bagged bolls without bugs were checked 
periodically and germination of the seed of some checked 
after the bolls opened. Whereas the uninfested bolls de- 
veloped and opened normally, those exposed to the bugs 
were deformed and opened poorly. In those fed on as 
medium-sized bolls, warts were produced internally at 
the puncture sites, to which the fibers adhered, resulting 
in poor picking. In these the fiber in the vicinity of the 
punctures was stained and the seeds in these locks 


shrivelled. Injury was less severe in those fed on as large: 


bolls, but in both cases seed germination was greatly re- 
duced as compared with that of seed from bolls in bags 
without bugs. 

The cotton crop in this area is characterized by a high 
percentage of bolls which are deformed and open poorly. 
Although some of this can be attributed to angular leaf 
spot disease which is also prevalent, these tests support 
the belief that Dysdercus brings about a significant eco- 
nomic loss of this sort. Wille (1952, p. 20) described this 
type of injury in detail, referred to generally in Peru as 
“cocopa,’ and because of this damage, he classified 
Dysdercus as the most damaging cotton pest in Peru. 
Further investigation may prove this to be the case in the 
Paraguayan Chaco as well. 

As in Peru, an important factor in considering this pest 
is its occurrence in great numbers on trees of the family 
Bombacacae. These kapok-producing trees, with their 
cotton-like, seed-containing pods, act as excellent natura! 
hosts. The important respresentative of this family in the 
Chaco is the “bottle tree,” Chorisia speciosa, which occurs 
in great numbers in the forests surrounding the cotton 
fields. 

As would, therefore, be expected, results of chemical 
tontrol of Dysdercus are short-lived. In control trials a 
“*3-5-40” (8% gamma isomer of BHC, 5% DDT, 40% 
sulfur) dust applied at 16 pounds per acre resulted in a 
satisfactory reduction of Dysdercus by the end of 24 hours. 
Counts made a week after treatment, however, indicated 
that the numbers in the treated plots were as high again as 
in the checks. 

Another insect found in large numbers in the open 
bolls of some cotton fields was Orycarenus hyalinipennis 
(Costa). This serious pest of cotton in Africa and the 
Middle East is not considered native to the Western 
Hemisphere although it has also been reported as a cotton 
pest in Brazil by Hambleton & Sauer (1938). 

Aphids.—The cosmopolitan cotton aphid, 
gossypii Glover,’ is also widespread here. It reached a 
threatening level in some fields in early February but in 
most cases was reduced to sub-economic levels without 
the use of insecticides. Coccinellids, syrphids, and lace- 
wings, listed with other predators below, were present. 
These, together with a driving rain which occurred at 
this time, were presumed to be responsible for the reduc- 


Aphis 


tion. 

Lacebugs.—Gargaphia torresi Costa-Lima was present 
quite generally feeding in tight colonies on the under 
surfaces of cotton leaves. In one field it was observed in 
such high numbers as to give the entire field a yellow color 
with each leaf almost entirely chlorotic from its injury. 

Minor Cotton Pests——Whiteflies, thrips (Hercothrips 
braziliensis (Morgan) and Frankliniella paucispinosa 
Moulton), Nysius stimulans Stal, Neisthrea pictipes 
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(Stal), Enoplopactus heterothorax Heiler, and Diabrotica 
speciosa (Germar)‘ were found quite frequently on cotton 
but were considered of only minor importance. 

Of special interest is Niesthrea pictipes, considered in 
other areas as being of no economic importance. Since it 
was observed frequently in cotton, sometimes in the 
bracts of buds and young bolls, tests were conducted in 
which these were introduced on buds and small bolls in 
organdy sleevecages. They were observed to oviposit, 
hatch, and develop under these conditions and appeared 
to inflict Lygus-like injury to the buds and small bolls, 
which were usually caused to shed. 

Insects Found Only Occasionally—These insects were 
found only rarely but are listed as a record of their oc- 
curence on cotton in the Chaco. 


Coleoptera: 

Curculionidae: Anthonomus sp., 
morus sp., Ericydeus sp., Naupactus sp. 

Bruchidae: Two unidentified species. 

Chrysomelidae: Chelymorpha sp., Coelomera sp., Chrysodina 
sp., and Colaspis sp., 

Hemiptera: 

Pentatomidae: Edessa sp., Acrosternum herbida (Stal), Acro- 
sternum vicina (Berg), Dichelops melacanthus (Dallas), 
Thyanta accumulata Ruckes,® Piezodorus quildinii (West) 

Scutellaridae: Chelycoris sp. 

Miridae: Horcias nobilellus (Berg), Lygus pallidulus Blanchard 
Calacoris lineolatus Berg, Certacopsis sp. 

Coreidae: Athaumastus haematicus (Stal), Arhyssus parviconis 


(Signoret). 


Chalcodermus sp., Panto- 
I 


Peanut Pests.—The peanut crop is important in the 
economy of the colonies for both the nuts and the foliage 
as the latter is used as forage for horses. Thus it is of 
special concern that in some years the foliage is destroyed 
by caterpillars late in the season. This did not occur in 
1955-56, however, the fall armyworm was observed to 
feed as small larvae in the terminals and as larger larvae 
on the leaves. Anticarsia gemmatalis (Hiibner), the velvet- 
bean caterpillar, was also collected feeding on peanut 
leaves. Thrips, identified as Hercothrips braziliensis 
(Morgan) and Leptothrips sp. were collected on peanut 
foliage. 

Citrus Pests.—False spider mites were encountered 
quite frequently on citrus. Brevipalpus phoenicis (Geij- 
skes)® mites were observed in association with fruit scar- 
ring on tangerines, and were also taken from an orange 
tree displaying symptoms of lepra explosiva, a disease 
thought to be caused by false spider mite toxins (Carter 
1952). 

Many of the colonists reported heavy losses of oranges 
and tangerines resulting from the feeding of fruit-piercing 
moths and the subsequent decay and drop of the punc- 
tured fruit. Such feeding was observed by the author on 
ripe tangerines, many moths being seen at night with the 
proboscis in the fruit. This resulted in a heavy fruit drop 
which occurred within a few days of injury as well as 
depression and decay of affected sections. Adults of 
Alabama argillacea and of Mocis sp, were observed in the 
act of feeding. 


3 Identification by E. O. Essig, University of California. 

4 Identification by R. F. Smith, University of California. 

5 Identifications by Herbert Ruckes Sr., American Museum of Natural 
History. 

6 Identification by A. E. Pritchard, University of California, 
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Guava Pests.—Feeding puncture injury by moths also 
causes serious losses of this fruit. Mocis sp., Achaea ablu- 
naris Guenée, and Otosema odorata (Linnaeus) were ob- 
served to insert their probosces deep into guava fruits. 
The latter, a very large, dark grey moth, was the most 
important species on this host. Figure 2 shows guava fruits 
injured in this manner. Control trials with light and bait 
traps were unsuccessful. 

Reports of losses of citrus and guava to fruit-piercing 
moths were approached skeptically; however, repeated 
observations convinced the author that this type of in- 
jury not only occurs in the Chaco but is a source of con- 
siderable economic loss. A search of the literature reveals 
that injury by fruit-piercing Lepidoptera has been re- 
ported from many tropical localities involving a number 
of fruit hosts and many species of moths. The family 
Noctuidae, especially the genus Achaea, is most often 
involved (Hargreaves 1936, Golding 1945). 

Firtp Corn.—The fall armyworm was observed as a 
pest of seedling corn and later feeding in the terminal 
portion of older plants. Aphids collected from inside the 
rolled center leaves were identified as Rhopalisiphum 
maidis (Fitch).* Stinkbugs, Edessa meditabunda (Fabri- 
cius), were found in fairly large numbers on corn. The 
corn earworm, [Heliothis zea (Boddie), was taken from corn 


ears. 
Cowpeas.—Thrips were observed in damaging num- 
bers on cowpeas. In one instance severe injury by a weevil 


of the genus Promecops was noted. 

Sweet Poratrors.—Armyworms identified as Prodenia 
eridania (Cramer), the southern armyworm, badly rid- 
dled sweet potato foliage and were also observed to 
migrate from these to adjacent cotton and peanut crops. 
A high degree of parasitism by Winthemia sp. and Sarco- 
phaga sp. flies was indicated in rearing several of the 
Prodenia larvae. 

Prepators.—Coccinellid predators collected on cotton 
have been identified as Cycloneda sanguinea (Linnaeus), 
Seymnus (2 sp.), Hyperaspis festiva Mulsant, Olla n. sp., 
and Eriopis convexra Germar. Coleomegilla octodecimpustu- 
lata (Mulsant) was found among aphids on cucumber. 
The probable role of the big-eyed bug, Geocoris ventralis, 
has been discussed above. Orius sp. was also present on 
cotton. Predaceous pentatomids of the genus Podisus® 
were taken on cotton. Other predators observed were: 
nabids, reduviids, mantids, wasps, and spiders. 

Discusston.—It must be noted that the agricultural 
insect situation as described above is quite different from 
that ordinarily attributed to Paraguay. This is because 
usual reports are generally concerned with the major 
Paraguayan agriculture which is located near Asuncion. 
The different climatic conditions of the region studied, 
its isolated location, and relative newness (approximately 
25 vears) of agriculture in the Chaco are factors probably 
most responsible for these differences. 

Because little is known of their effect on the biological 
balance in this region and because of the relatively low 
cash return for crops there, use of modern organic in- 
secticides should be approached with caution and better 
cultural control practices encouraged. 


NickKEb: INSECTS OF THE PARAGUAYAN CHACO 


Fic. 2.—Guava fruit showing injury by fruit-piercing moths. 
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Laboratory Fumigation Tests of Organic Compounds' 


R. W. innpris and W. N. Suntuivan, Entomology Research Division, Agr. Res. Serv., U.S.D.A. 


ABSTRACT 


A wide variety of organic compounds known to be insecticidal 
were screened as fumigants by a special laboratory procedure. 
Of the 78 compounds tested, five halogenated phosphorus com- 
pounds—-chlorovinyl dimethyl phosphate, 2,2-dichloroviny] 
diethyl phosphate, DDVP, 1,2,2,2-tetrachloroethy] dimethyl 
phosphate, and Dow ET-57—and three halogenated hydrocar- 
bons—aldrin, heptachlor, and lindane 
down of house flies (Musca domestica L.) in less than 2 hours. 


caused complete knock- 


International air travel has more than doubled in the 
last 10 years. In 1956 U.S. Department of Agriculture 
quarantine officials inspected 97,351 aircraft entering our 
country. These planes are arriving in and departing from 
this country at 121 international airports (15 to 20 im- 
portant ones), and each plane is a potential carrier of in- 
sect pests. A constant vigil must be maintained in order to 
minimize the threat of an insect invasion such as the re- 
cent infestation of the Mediterranean fruit fly in Florida. 

To prevent the transportation of insects from one 
locale to another, disinsectization of aircraft has become 
a matter of economic importance. Aerosols are now used 
for this purpose, but a simpler inethed would be to cir- 
culate a fumigant in the plane’s air-conditioning system. 
Such a fumigant would have to have a low mammalian 
toxicity, be free of obnoxious odor, and be nonirritating 
to the occupants of the plane. 

To select promising materials, laboratory fumigation 
tests were made at Beltsville, Md., on normal house flies 
(Musca domestica L.) with 78 organic msecticides, using 
the following screening procedure. Some of the com- 
pounds were obtained from commercial sources, but most 
of them were synthesized by chemists of this Division at 
Beltsville. All the compounds had shown toxicity to one 
or more species of insects, although some did not have the 
high vapor pressure usually associated with a fumigant. 
It has been demonstrated that solid compounds can be 
effective fumigants (Hoffman & Lindquist 1949, Wilson 
et al. 1953). 

The tests were made in a screening device (fig. 1) de- 
scribed in a previous paper (Sullivan et al. 1956), in which 
two 2-quart Mason jars are joined in a closed system by 
soldering together screw-cap metal rims, with a wire 
screen between the jars. The test insects are placed in the 
upper jar and ihe insecticide in the lower jar, which con- 
tains the distribution assembly. 

One milliliter of an acetone solution containing 0.25 mg. 
of the insecticide was distributed with a pipette evenly 
on a filter paper 9 cm. in diameter. The filter paper was 
then placed in position in the lower jar, and 20 normal- 
strain house flies 3 to 5 days old were placed in the upper 
jar. Since the volume of the two jars is 3.8 liters, complete 
vaporization of the insecticide would give a concentration 
of 50 p.p.m. The vanes were rotated at 800-900 r.p.m. for 
2 hours at 25° C., and the number of flies knocked down 
was observed. The insects were then transferred to clean 
cages and fed, and mortality counts were made in 24 
hours. Tests on compounds that gave 100% kill in 24 


hours were replicated at least twice; tests on those giving 
100% knockdown in 2 hours or less were replicated at 
least three times. 

Of the compounds tested, eight gave 100% knockdown 
in 2 hours or less as shown in table 1; five of them were 
halogenated phosphorus compounds and _ three halo- 
genated hydrocarbons: 

2-Chloroviny] dimethyl phosphate 

2,2-Dichloroviny] diethyl phosphate (ethyl DDVP) 

2,2-Dichlorovinyl dimethyl phosphate (DDVP) 

1,2,2,2-Tetrachloroethyl dimethyl phosphate 
0,0-Dimethyl 0-(2,4,5-trichlorophenyl) 
(Dow ET-57) 

Aldrin 

Heptachlor 

Lindane 


phosphorothioate 


' Accepted for publication March 26, 1958. 


Fic. 1.—Device for screening fumigants. 
(Photograph by Otis Greeson, ARS.) 
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Table 1.—Screening tests of organic compounds as 
ae in recirculated air chamber ee house flies. 








Per Cent 
MINUTES 
FOR 100% Knock- 
Knocx- downin Kill in 
CompounpD DOWN 2 Hours 24 hours 
” Hydrocarbon 
Naphthalene 0 0 
Esters 
Acetic acid, p-methylbenzy] ester 0 0 
Benzoic acid, p-tert-butyl-, methyl ester 0 0 
Chry santhemumic acid, 
m-allyloxybenzy! ester 0 0 
2,4-dimethylbenzy! ester 0 0 
m-isopropoxybenzy] ester - 0 0 
Cyclohexanecarboxylic acid, 1-hydroxy-, phen- 
ethyl ester - 0 0 
3-Cyclohexene-l-carboxylic acid, 6-methyl-, 
isopentyl ester 0 0 
propyl ester a 0 0 
o-Toluic acid, propy! ester - 0 0 
Ethers 
Anisole, 
m-(2-butenyloxy)- 0 0 
p-(2-butenyloxy)- - 0 0 
Benzene, 
L-ally]-2-allyloxy- 0 0 
L-ally loxy- 4-methoxy- 0 0 
1-aliyl-2- propoxy- 0 0 
4$-Chromanone, 7-methoxy-2-met hyl- 0 0 
1,3-Dioxolane, 2-ethy]-5- wae 4-(3,4-methyl- 
ene-dioxy pheny])- 0 0 
Veratrole, 4-propenyl- 0 0 
Nitrogen Compounds 
Amides: 
3-Cyclohexene-1-carboxamide, NV, N-diet hy1-6- 
methyl- 0 0 
Phosphoramidothioic acid, O-methy]! 0-2,4,5- 
trichloropheny]) ester (Dow ET-15) 50 95 
Amines: 
Benzothiazole, 
2-(allylthio)- 0 0 
2-(propylthio) - - 0 0 
Benzylamine, 
N-butyl-N-pentyl- 0 0 
N-butyl-N-propy! - 0 0 
Phosphorodithioie acid, 
0,0-diethyl ester, S-ester with 2-mercapto- 
benzothiazole - 0 0 
0,0-diethyl O-(2-isopropyl-4-methyl-6-pyr- 
imidinyl) ester Diazinon) 0.25% 0 0 
1.00% 5 90 
0,0-diethyl 0-(2-diethylaminoethyl) ester 0 0 
Pi i ronylamine, 
V-butyl-N-isobutyl- 0 0 
N- butyl-N-penty]- 0 0 
N-butyl-N-propyl- 0 0 
: .N-dibutyl- 0 0 
V-ethyl- N-propyl- 0 0 
Nitriles: 
Acetronitrile, 3,4-methylenedioxypheny]- - 0 0 


Nitro compounds: 
Phenetole, p-nitro- 0 0 
Phosphorothioic acid, 0,0-diethy! O-p-nitro- 





phenyl ester (parathion) 24 hours 0 100 
Thiocy anate 8: 
Butyl “carbitol” thiocyanate (Lethane 384) 0 0 
Thiocyanoacetic acid, mixture of fenchy] and 
isoborny! esters (Thanite) 0 0 
Halogen Compounds 
Acetic acid, bromo-, 
2-chloro-1-methylethy] ester 0 0 
p-chlorophenethy!] ester 0 0 
3-chloropropy] ester 0 0 
2,3-dibromopropy! ester 0 0 
diester with 1,4-butanediol 0 0 
diester with 1,2-propanediol 0 0 
t-ethyl-1-methylocty! ester 0 14 
heptyl ester 0 0 
tetrahydropyran-2-methy] ester 0 0 
Acetic acid, iodo-, ten thy] ester 0 0 
Acetic acid, phenoxy-, tetrahydropyran-2-methy] 
ester 0 0 
Bensene, 
chloroallyl- 0 0 
2-dichloro-4,5-methylenedioxy- 0 0 
Be ane Q- Yicemanekiesth -2,3-dihydro- 0 0 
Benzyl alcohol, 2,4-dichloro- 0 0 
/ ysanthemumice acid, 6-bromopiperony! ester 0 0 
vclohexane, 1,2,3,4,5,6-hexachloro- (lindane) 45 100 100 
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Table 1 (Continued) 








Per Cent 
MINUTES —- — 
FOR 100% Knock- 
Knock- downin Killin 
CompouND DOWN 2 Hours 24 hours 
Cyclopropane, 1,1-dichloro-2-viny]- 0 0 
1,4,5,8-Dimethanonaphthalene, 
1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahy- 
dro- (aldrin) 101 100 100. 
6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro- (diel- 
drin) — 20 100 
3a,4,5,6,7,8,8-Heptachloro-4,7-methano-3a,4,7, 
7a-te trahydroindene (heptachlor) 86 100 100 
Phenol, 
p-chloro- — 0 0 
pentachloro- —— 0 0 
Phosphonic acid, 
1-butyryloxy-2,2,2-trichloroethyl-, dimethyl 
ester (Butonate) 0 0 
2,3-dichloro-1-oxoethyl-, dimethyl ester . 0 0 
2,2,2-trichloro-1- propionyloxy ethyl-, dimeth- 
yl ester - 0 0 
Phosphoric acid, 
2-chloroviny! dimethy] ester 61 100 100 
2,2-dichloroviny! diethyl ester (ethyl DDVP) 52 100 100 
2'2-dichloroviny] dimethyl ester (DDVP) 25 100 100 
diethyl! 1,2,2-trichloroethy] ester 68 72 
dimethyl 1,2,2,2- te -trachloroethy! ester 95 100 100 
P hosphorothioic acid, 
O-(3-chloro-4- methylumbelliferone) 
O,0-diethy] ester (Bayer 21/199) — 0 0 
0,0-dimethy! O-(2,4,5-trichloropheny]) ester 
(Dow E'T-57) 111 100 100 
Propionic acid, 2-bromo-, benzyl ester 0 0 
Sulfur Compound 
Carbon disulfide - 0 0 
Phosphorus Compounds 
Phosphorodithioie acid, 
S-[1,2,-bis-(ethoxycarbony]) ethyl] 0,0-dimeth- 
yl ester (malathion) - 0 100 
0,0-diethy] S-2-(ethylthio)ethyl ester (Bayer 
19639) 6 96 
Phosphoric acid, 1-methoxycarbonyl-1-propen-2- 
yl dimethy] ester (Phosdrin) 38 63 
Other 
Propanediol, butoxy-, polymer (Crag Fly Repel- 
lent) 0 0 





The knockdown of DDVP was the fastest, being com- 
plete in 25 minutes, but it has a relatively high mam- 
malian toxicity. The oral LD-50 is 56-80 mg./kg. in the 
rat (Mattson et al. 1955). 

Dow ET-57 gave complete knockdown in 111 minutes. 
It shows considerable promise for aircraft disinsectization 
because of its low mammalian toxicity, having an oral 
LD-50 of 1500-2000 mg./kg. in the rat. Dow ET-57 is 
practically odorless and has a high vapor pressure. It will 
be tested further under more practical conditions. 
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Absorption and Toxicity of Three Radioactive Insecticides 
in Larvae of Two Species of Mosquitoes! 


CiaupE H. Scumipt and Donatp E. Werpuaas,? Entomology Research Division, Agr. Res. Serv., U.S.D.A. 


ABSTRACT 


Acetone-water suspensions of solutions of radioactive DDT, 
Bayer 21/199, and Am. Cyanamid 12880 |0,0-dimethyl S-(N- 
methylearbamoylmethyl)-phosphorodithioate]|_ were __ tested 
against fourth-instar Anopheles quadrimaculatus Say and Aedes 
taeniorhynchus (Wied.) larvae [Culicidae: Diptera]. Concentra- 
tions required for equivalent 24-hour mortality were in the order 
of DDT <21/199<12880. A. quadrimaculatus were more sus- 
ceptible to DDT and 12880 but less to 21/199 than taenio- 
rhynchus; however, at the LD-50 only small differences (0.0033- 


Mosquito larvae have long been used for the screening 
of chemicals as larvicides for mosquito control. The ad- 
vent of resistance in mosquito populations has necessi- 
tated another look at some of the fundamental factors in- 
volved, such as absorption and toxicity of chemicals in 
water. Such information would shed light on the mode of 
action of larvicides now in use, thereby making possible 
the development of more effective ones, and lead to more 
accurate tests for assaying resistance in mosquito larvae. 

Kruse et al. (1952), Hawkins & Kearns (1956), and 
Hawkins (1956) have studied various factors as they af- 
fect larval mortality. The usual approach has been to 
correlate the concentration of the chemical with the per 
cent mortality. One should go one step further and ac- 
tually determine the uptake of the chemical by the larvae. 
With many larvicides the observable mortality may be 
related to the amount that actually penetrates the larvae. 
An advance in this direction was made by Gjullin et al. 
(1952), who studied the absorption of C'*-labeled DDT 
by resistant and nonresistant Aedes larvae and pupae in 
24 hours. 

The experiments described in this paper were under- 
taken at Orlando, Fla., to study the uptake and toxicity 
of radioactive DDT, Bayer 21/199, and Am. Cyanamid 
12880 applied in water suspensions or solutions to larvae 
of Anopheles quadrimaculatus Say and Aedes taeniorhyn- 
chus (Wied.). The amounts of the absorbed insecticides 
were so minute that the usual analytical procedures were 
not sensitive enough to detect them. For this reason radio- 
active tracer techniques were employed. 

EXPERIMENTAL ProcepurRE.—Three labeled insec- 
ticides*’—p,p’-DDT-4-C" (2.1 we./mg.), Bayer 21/199-P” 
(1.3 yue./mg.) and Am. Cyanamid 12880-P (0,0- 
dimethyl  S-(N-methylearbamoylmethy])-phosphorodi- 
thioate) (3.4 pue./mg.)—were tested to study the 
amounts of these insecticides taken up by fourth-instar 
larvae from test concentrations. Larvae of quadrimaculatus 
were obtained from a colony maintained at the laboratory. 
Larvae of taeniorhynchus tested against Bayer 21/199 
and Am. Cyanamid 12880 were from a colony established 
by Davis (1958), but those tested against DDT were 
reared from sod samples‘ from Savannah, Ga. The testing 
techniques were the same throughout the experiments 
except for the species or insecticide used, the concentra- 
tion to which the larvae were exposed, the time of ex- 
posure, or the number of larvae per test. 

. 


0.0142 yg/larva) were seen between species and chemicals. In- 
creasing the number of qguadrimacwatus larvae per unit volume 
resulted in lower mortalities with DDT, but no change with 
21/199 and 12880. A. quadrimaculatus larvae exposed to 21/199 
for 48 hours absorbed a maximum amount in the first few hours 
but the mortality increased with time. When quadrimaculatus 
larvae were transferred to clean water, 73% of the acquired dos- 
age of 21/199 was excreted in 12 hours. Live larvae of both spe- 
cies absorbed more 21/199 than did dead larvae. 


An appropriate amount of the insecticide, dissolved in 
acetone, was added to 225 ml. of distilled water in a glass 
jar and stirred. Fourth-instar larvae from the rearing 
pans were pooled in clean water, and the desired number 
were then transferred to 50-ml. beakers containing 25 
ml. of distilled water and poured into the test jars. 
Twenty-five larvae were used in each jar, except in one 
experiment where the number was varied from 25 to 
400. All tests were carried out at a temperature of 25°+ 1° 
C. Six to eight replications were made with Bayer 21/199 
and Am. Cyanamid 12880, and three or four with DDT. 
At the desired time mortality readings were taken and 
the larvae were removed from the test suspension (or 
solution, depending on the solubility of the insecticide 
in water) by screening, washed with 250 ml. of distilled 
water, ground with a tissue grinder, and plated for count- 
ing. 

The radioactivity present in the larvae was assayed in 
a windowless gas-flow proportional counter.® The count- 
ing data were corrected for self-absorption and decay 
where applicable. Larvae assayed in this manner com- 
prised both those surviving and those killed. In the tests 
with Bayer 21/199 and Am. Cyanamid 12880 larvae from 
two jars were pooled for radioactive assay. The amount 
of insecticide present, as determined from the radioactiv- 
itv, is designated as the absorbed dosage. 

Fourth-instar larvae of both species were exposed to 
five to eight concentrations of each insecticide for 24 
hours. The per cent mortality was plotted on log-probit 
paper against both the concentration (p.p.m.) and the 
absorbed dosage in micrograms per larva. The concen- 
tration was also plotted against the absorbed dosage on 
an arithmetic scale. The LC-50 (p.p.m.) or the LD-50 
(ug./larva) and the slopes of all regression lines were cal- 
culated. In addition the dosages absorbed by quadri- 
maculatus larvae surviving a 24-hour exposure to 0.03 


~ 


p.p.m. of Bayer 21/199 and 2.75 p.p.m. of Am. Cyanamid 


1 Accepted for publication March 26, 1958. 

2 The authors acknowledge the assistance of Carroll N. Smith under whose 
supervision this work was done. 

8’ The DDT was supplied by Paul A. Dahm, Iowa State College, Ames, Iowa; 
the Bayer 21/199 by J. Kaplanis, Kerrville, Texas, laboratory, U.S.D.A.; and 
the Am. Cyanamid 12880 by E. Waletsky, Lederle Laboratories Division of the 
American Cyanamid Company, Pear! River, N. Y. 

4 Sod samples supplied by A. J. Rogers of the Entomological Research Center, 
Florida State Board of Health, Vero Beach, Fla. 

5 Model PC-38, Nuclear Measurements Corp., Indianapolis, Ind. 
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Fic. 1.—Concentration-mortality responses at 24 hours for two species of mosquito larvae with three radioactive insecticides. 


12880 were compared with the dosages absorbed by the 
nonsurv'ving larvae. 

The per cent mortality, absorbed dosage, and per cent 
loss of insecticide from the test concentrations were de- 
termined when different numbers of quadrimaculatus 
larvae were exposed to single concentrations of DDT, 
Bayer 21/199, and Am. Cyanamid 12880 for 24 hours. 
The absorbed dosage and mortality at different time 
intervals was studied by exposing the larvae to 0.03 
p.p.m. of Bayer 21/199. The absorption of Bayer 21/199 
in live larvae of both species and others killed with carbon 
dioxide prior to testing was compared by exposing them 
to a concentration of 0.04 p.p.m. for 6 hours. To study 
the excretion of an absorbed dose, quadrimaculatus larvae 
were exposed for 6 hours to 0.04 p.p.m. of Bayer 21/199, 
removed from treatment, rinsed, and placed in clean 
water. The per cent mortality and absorbed dosage 6 and 
12 hours after removal were compared with those found 
immediately upon removal. 

Resutts.—Figures 1 and 2 give the regression lines of 
the concentration-mortality and dosage-mortality data 
for the three radioactive insecticides against both species. 
From the dosage-mortality curves, the decreasing order 
of effectiveness against both species was DDT, Bayer 
21/199, and Am. Cyanamid 12880. The LC-50, LD-50, 


e 


and slopes are summarized in table 1. For quadrimacu- 
latus the LC-50 of Bayer 21/199 was approximately 5 
times and that of Am. Cyanamid 12880, 430 times that 
of DDT, while for taeniorhynchus the respective factors 
were 3 and 1000. The quadrimaculatus larvae were sus- 
ceptible to lower concentrations of DD'T and Am. Cyan- 
amid 12880 than taeniorhynchus, but the reverse was 
true for Bayer 21/199. Slopes of the concentration- 
mortality regression lines did not show large differences. 

The data for the absorbed dosage presented a different 
picture. For quadrimaculatus the LD-50 of Am. Cyanamid 
12880 was approximately 1.2 times, and that of DDT 1.8 
times, that of Bayer 21/199. For taeniorhynchus these 
respective values are approximately 2.4 and 3.8. The 
quadrimaculatus larvae showed lower absorbed dosages 
of all three insecticides than taeniorhynchus except at the 
higher mortality levels with Bayer 21/199. The slopes of 
the lines showed considerable differences, DDT vs. 
quadrimaculatus and Bayer 21/199 vs. taeniorhynchus 
having much steeper slopes than the others. 

Figure 3 gives the results of plotting the absorbed dos- 
ages against the concentrations. These graphs do not 
show the true relationships of their slopes, since each 
insecticide was plotted on a different concentration scale. 
The calculated values of the slopes were: 
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DDT 21/199 12880 


quadrimaculatus —gjR oo + 





taeniorhynchus 





Ls 
.01 


Absorbed dosage in wg. /larva 


Fic. 2. 


taeniorhynchus quadrimaculatus 
DDT 1.43 0.20 
Bayer 21/199 0.082 087 
Am. Cyanamid 12880 0011 0016 


When the dosages absorbed by surviving and non- 
surviving quadrimaculatus larvae were compared, the 
former contained 0.0039 yug./larva and the latter 0.0026 
of Bayer 21/199, but 0.0044 and 0.0046, respectively, of 
Am. Cyanamid 12880. 

The results of varying the number of larvae per jar 
are presented in table 2. As the number of larvae was in- 
creased, the per cent mortality and the absorbed dosage 
decreased for DDT, but remained about the same for 


Dosage-mortality curves with two species of mosquito larvae exposed to three radioactive insecticides for 24 hours. 


Bayer 21/199 and Am. Cyanamid 12880. A much higher 
percentage of the total available insecticide was removed 
in the case of DDT. The range of mortality between repli- 
cations decreased with increasing numbers of larvae. 

The absorbed dosages in larvae exposed in water con- 
taining 0.03 p.p.m. of Bayer 21/199 for periods ranging 
from 4 to 48 hours are given in table 3. Most of the dosage 
was picked up in the first few hours, after which a rela- 
tively constant level was maintained. 

Live quadrimaculatus and taeniorhynchus larvae ex- 
posed for 6 hours to Bayer 21/199 at 0.04 p.p.m. con- 
tained, respectively, 8 and 4 times as much radioactivity 
as dead larvae of the same species. The average absorbed 


Table 1.—LC-50, LD-50, and slope of regression lines of fourth-instar Anopheles quadrimaculatus and Aedes taeniorhyn- 


chus larvae after 24-hour exposure in water treated with radioactive insecticides. 








quadrimaculatus 


taeniorhynchus 


Concentration 

(p.p.m.) 
INSECTICIDE LC-50 
DDT 0.0060 6.6 
Bayer 21/199 080 5.6 
Am. Cyanamid 12880 2.6 5.6 


Slope 
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Slope 
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Table 2.—Twenty-four hour mortality, absorbed dosage, and per cent of total available insecticide removed by fourth- 
instar Anopheles quadrimaculatus larvae exposed in 250 ml. of water treated with radioactive DDT (0.007 p.p.m.), Bayer 


21/199 (0.03 p.p.m.), and Am. Cyanamid 12880 (2.75 p.p.m.). 








Per Cent Morva.ity 
NUMBER OF —- eecere eel 








LARVAE DDT 21/199 = 12880 DDT 
25 55 53 56 0.0069 * 
50 33 48 59 . 0064 
100 14 54 64 .0046 
200 3 53 67 .0033 
400 3 53 67 . 0026 


ABSORBED DosaGE (uG./LARVA) 


Per Cent REMOVED 


21/199 








21/199 12880 DDT 12880 
0.0024 0.0042 9.9 0.97 0.02 
.0023 .0039 18 1.5 .03 
. 0020 .0036 26 2.7 05 
0018 .0043 38 4.8 13 
.0020 .0040 59 10 23 





dosages (ug./larva) were as follows: 


quadrimaculatus 
0.0094 
.0012 


taeniorhynchus 


0.005% 
.0013 


Live larvae 
Dead larvae 

Tests were first made with a 24-hour exposure; how- 
ever, the dead larvae were so altered in appearance, 
mainly due to bacterial decomposition, that the results 
were not considered valid. With a 6-hour exposure no 
decomposition was observed. 

A. quadrimaculatus larvae exposed to Bayer 21/199 at 
0.04 p.p.m. for 6 hours and then removed to clean water 
lost 838% of the absorbed dosage in 6 hours and 73% in 12 
hours. The absorbed dosage and the mortality of the 
larvae at each interval were: 

Per Cent 


Hours in Absorbed Dosage 


Clean Water (ug./larva) Mortality 
0 0.0133 0 
6 0070 9 
12 .0031 16 


Both these data and those presented in table 3 indicate 
that a certain latent period is necessary before Bayer 
21/199 can exhibit its toxicity. 

Discussion.—These experiments are preliminary 
studies on the toxicity of chemicals, taken up from sus- 
pension or solution by mosquito larvae, based on the 
radioactivity found in larvae after treatment. It should 
be emphasized that the radioactivity in the larvae may 
represent the original insecticide, its metabolites, or 
both, and at a specific time an equilibrium between the 
amount taken up and that excreted. The toxicology of 
insecticides involves a complexity of factors, such as 
penetration through the cuticle, ingestion, time for toxic 
action, storage, metabolism, and excretion. The data 
presented here indicate that these factors vary with the 
species of mosquito and the chemical. 

It was shown for each species that the differences in 
concentration of the three insecticides required to kill an 
equivalent percentage of larvae were much greater than 
the differences in the amount of radioactivity found in 
the larvae (absorbed dosage). This indicated that the 
chemicals do not differ in toxicity to the degree shown by 
the concentration data, but that the large disparity was a 
result of uptake of these chemicals by the larvae. Since 
the concentrations required for equivalent mortalities 
were in the order DDT < Bayer 21/199 <Am. Cyanamid 
12880, it appeared that DDT was removed more readily 
from test concentrations than Bayer 21/199, and both of 
these more than Am. Cyanamid 12880. Since the differ- 
ences were much larger between chemicals than between 


species, the physico-chemical properties of the insecti- 
cides were probably the more important factors in ex- 
plaining the uptake. 

Correlations of absorbed dosage with the species or 
chemicals are difficult because of the complexity of the 
factors involved. The quadrimaculatus larvae contained 
less radioactivity than taeniorhynchus for all three chem- 
icals, indicating that they were either more susceptible or, 
as in Bayer 21/199, had a greater ability to detoxify and 
excrete the insecticide. 

In figure 3 both regression lines for Am. Cyanamid 
12880 would go through the origin if extrapolated to con- 
centration zero, but not those for the other two insecti- 
cides. This is an indication that the amount of 12880 
found in the larvae is proportional to the concentration 
from the origin to the highest level tested, but that found 
for DDT and Bayer 21/199 is not. 

On the basis of theoretical considerations of the amount 
of insecticide available per larva in tests with DDT, 
Kruse et al. (1952) suggested that changing the number of 
larvae per unit volume by varying either the volume or 
the number may be expected to affect the per cent mortal- 
ity. This may or may not be true, depending on the chem- 
ical and its method of application. In this study only 
DDT showed a decrease in both mortality and the 
amount found per larva as the number per test was in- 
creased. Any variation in mortality obtained by changing 
the number of larvae per test depended on the insecticide 
and its per cent removal from solution or suspension. 
With Bayer 21/199 and Am. Cyanamid 12880, the 
amount removed by the largest number of larvae per test 
was not sufficient to decrease the concentration to the 
point where it would affect the mortality response. 

Gjullin et al. (1952), studying absorption of radioactive 
DDT with Aedes vexans (Meig.) and A. sticticus (Meig.), 
found that larvae killed with chloroform absorbed two- 


Table 3.—Absorbed dosage and per cent mortality in 
fourth-instar Anopheles quadrimaculatus larvae after various 
periods of exposure in water containing 0.03 p.p.m. of 
radioactive Bayer 21/199. 


Per CENT 








EX POSURE ABSORBED DosAGE 


(Hours) (ua./LARVA) Mortatity 

+ 0.0028 0 

8 0037 2 

12 0034 9 
24 . 0033 66 
28 .0027 80 
32 .0034 93 

48 .0042 100 
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thirds as much as live larvae in 24 hours, and considered 
this to indicate that DDT was taken into the larvae 
largely by absorption, with little ingestion. In our experi- 
ments with Bayer 21/199, larvae killed with carbon di- 
oxide contained one-eighth and one-fourth as much as live 
quadrimaculatus and taeniorhynchus larvae when exposed 
for 6 hours, an indication either that ingestion is a more 
important route of entry or that absorption is an active 
phenomenon in that it may be self-limiting in the dead 
larvae. The lack of agreement between these results and 
those of Gjullin may be due to the different species and 
chemicals tested; however, it is more probable that the 
amounts found in live and dead larvae after 24 hours may 
not be characteristic of uptake. 


Arithmetic plots of the absorbed dosages of three radioactive insecticides in two species of mosquito larvae 
exposed to different concentrations for 24 hours. 
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ABSTRACT 


Thiodan sprays and dusts at 0.7 pound per acre were as ef- 
fective as toxaphene-DDT spray for control of the bollworm, 
Heliothis zea (Boddie), on cotton, but Thiodan spray at 0.5 pound 
was less effective. Sevin dusts at 2 and 1.6 pounds per acre were 
more effective than sprays at 1.0 and 1.5 pounds or than toxa- 
phene-DDT spray. While Sevin was being used, heavy infesta- 
tions of the desert spider mite Tetranychus desertorum (Banks) 
developed. Parathion, Chipman R-6199, Guthion, and Diazinon 
at 0.25 pound and Hercules AC-528 at 0.5 pound per acre were 
equally effective against the spider mite. Kelthane at 1 pound, 
ethion and Trithion at 0.5 pound, and Monsanto CP-7769 
(hexaethyl (ethylthiomethylidyne) triphosphonate) at 0.25 
pound were more effective than parathion at 0.25 pound per 


acre. 


In field tests in the vicinity of Waco, Tex., in 1956 
Thiodan showed promise for control of the bollworm, 
Heliothis zea (Boddie), but the results indicated that 
higher dosages were needed (Cowan et al. 1957). Heavy 
bollworm infestations in all irrigated fields and some dry- 
land fields in 1957 afforded an opportunity for further 
tests with Thiodan and initial tests with Sevin (N- 
methyl-1-naphthyl carbamate), another promising new 
insecticide, for control of this pest. An infestation of the 
desert spider mite, Tetranychus desertorum (Banks), in a 
dryland field following eight spray applications of diel- 
drin-DDT and BHC-DDT for bollworm control made it 
possible also to test several of the new materials for mite 
control. Most of the bollworm tests were conducted in ir- 
rigated cotton. 

ProcepURE.—Three experiments for bollworm control 
were conducted in small plots and one in large plots. The 
small plots were 16 rows wide and of sufficient length for 
an area of 0.1 acre. They were arranged in randomized 
blocks with four replications of treatments. The large 
plots were 32 rows wide and 2 acres in size with two repli- 
cations. In the spider mite experiments the plots were 16 
rows wide and of sufficient length for 0.2 acre. They were 
arranged in randomized blocks with four replications. Un- 
treated plots were not included within the randomized- 
block design but were located in the same field adjacent to 
the treated plots. 

Methods of applying insecticides were the same as 
those reported by Cowan et al. (1956). In the bollworm 
experiments applications were made at approximately 5- 
day intervals, except that 6 or 7 days elapsed between the 
second and third applications in the small-plot experi- 
ments because irrigation water was applied at that time 
and the fields were too wet for use of spray equipment. To 
avoid further delay under conditions of the extremely 
heavy infestation, all materials were applied as dusts 
with hand guns for the third application. Only one appli- 
cation was made in the spider mite experiments. 

The procedure and method of recording data were the 
sume as those reported by Ewing & Parencia (1943). In 


Field Tests with Some of the New Insecticides for Control 
of the Bollworm and a Spider Mite! 


C. B. Cowan, Jr., C. R. Parenctra, Jr., and J. W. Davis, Entomology Research Division, Agr. Res. Serv., U.S.D.A2 






the bollworm experiments spider mite records were made 
by the square-inch method. In the spider mite experi- 
ments one leaf was tagged on each of 10 plants selected at 
random near the center of each plot. Adults on these 
leaves were counted before treatment and 1, 6 or 7, and 9 
or 11 days after treatment. 

Infestations of the boll weevil, Anthonomus grandis 
Boh., were unusually low in the experiments and in the 
area. The highest seasonal-average infestation in the ex- 
periments was only 2.3% of punctured squares in the un- 
treated check of experiment 2. Usually infestations of 
weevils and bollworms occur together in this area. This 
year moisture was available late in the season, and weevil 
infestations were so low that plants in the untreated 
checks and in plots treated with less effective bollworm 
materials were able to replace a considerable amount of 
fruit lost to bollworms after the bollworm infestation was 
over. Usually this fruit would not be set owing to lack of 
moisture or would have been lost to the boll weevil. A 
light infestation of the cabbage looper, Trichoplusia ni 
(Hbn.), developed in experiment 3 during the treatment 
period. Although damage was light, ragging of leaves was 
noticeable in all plots except those treated with endrin, 
indicating that Sevin may not be effective against this 
pest. Spider mites, especially in the Sevin-treated plots, 
were a factor in experiments 2 and 3, but treatment with 
demeton prevented them from influencing results. The 
spider mite experiments were begun after treatment for 
bollworm control was over; therefore, only spider mites 
were involved. 

Resutts Acatnst Botitworms (table 1).—In experi- 
ment 1 each insecticide reduced bollworm square and boll 
injury significantly below that of the check. Thiodan at 
0.7 pound per acre in either a spray or dust and toxa- 
phene-DDT spray gave better control than Thiodan 
spray at 0.5 pound. Yield records, completed on Decem- 
ber 3, showed no significant differences among treat- 
ments. However, when the first picking record was made 
on October 7 (not shown in table), each insecticide gave a 
significant gain over the untreated check and Thiodan 
dust was better than the spray at the 0.5-pound dosage. 

In experiment 2 each insecticide reduced bollworm 
square and boll injury significantly below that of the 
check. Sevin dust at both dosages gave better. control 
when boll injury was considered than Sevin spray or 
toxaphene-DDT spray. Spider mite infestations were 
heavier in all Sevin-treated plots than in those treated 
with toxaphene-DDT or in the untreated check. To pre- 
vent this pest from influencing results, all the plots were 
treated with demeton on August 9. Sevin sprays caused 
moderate to severe phytotoxicity, but dusts did not. 
Initially the 2-pound dosage was applied as a spray, but 


1 Presented at the meeting of the Southwestern Branch of the Entomological 
Society of America held at Houston, Tex., February 10-11, 1958. Accepted for 


publication March 28, 1958. 
2 In cooperation with the Texas Agricultural Experiment Station. 
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Table 1.—Effectiveness of several insecticides applied as dusts and sprays against the bollworm in field-plot experiments, 





ActivE INGREDIENT 


INSECTICIDE* PER AckE (PouNpbs) 


Experiment 1 (7 applications between July 16 and August 


Sprays 
Thiodan 2 


Toxaphene 4+DDT 2 


Dusts 
Thiodan t 
Untreated 
L.S.D. at 5% level 
Sprays 
Sevin 1 


Toxaphene 4+DDT 2 


Dusts 
Sevin 10 


Untreated 
L.S.D. at 5% level l 


Sprper Mites 
PER SQUARE INCH 


Experiment 2 (7 applications between July 16 and August 


PouNpbs OF SEED Corton 

Per Cent or BoLLworm- PER ACRE 

INJURED e 
Gain Over 

Total Check 


Squares Bolls 


20) 


2816 
2860 
2916 
2758 


2897 
2692 


$. 3. 
9, 2. 
1. 7 
20)) 


~) 


2349 
2415 
2502 
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ww 


. 2450 
0 & 2501 
2.1 , 2186 
2.4 . 


Experiment 3 (8 applications between July 18 and August 


Sprays 
Guthion 1.5+DDT 2 
Endrin 1.6 


0.4+0.8 0.02 
06 


Dusts 
Guthion 2.5+DDT 5 
Low-lime calcium arsenate 
+DDT 5+parathion 1 11.3+0.8+0.2 ; 
Sevin 10 1.6 3.6 
Untreated 0.7 
L.S.D. at 5% level 1.2 


.O8 


24 


Experiment 4 (9 spray applications between July 11 and August 


8+0.9 
0.4 
3+ .8 


Toxaphene 4+DDT 2 l 
Endrin 1.6 
Guthion 1.5+DDT 2 

Untreated 


2863 
2916 


6.9 
4.6 


2882 


Up 2984 

. 2.8 2892 

14. 14. 2464 

1 312 

19) 
3.6 8 

$.5 2.0 1179 

5.9 Me 1279 

8.6 }.2 992 


1139 





® Pounds per gallon in sprays; per cent in dusts. 


because of apparent phytotoxicity the remaining applica- 
tions were made as dusts. As in experiment 1, yield rec- 


Table 2.—Effectiveness of several acaricides against the 
desert spider mite in field experiments. 





NUMBER OF SprpER MITES 

PER LEAF 
Active In- After Treatment (Days) 
GREDIENT 
PER ACRE 
(Pounps) 


Before 
lreat- 
ment 1 


Aver- 
age 


Acaricipe (PouNnpbs 


PER GALLON) 9-11 


6-7 


Experiment 5 (Spray application on August 8, records after 6 and 11 days) 
5.4 3. 
0.1 
0.6 
0.1 


2.0 3.6 
0.2 0.6 
1.6 0.2 
2.4 0.2 5 
$3.7 3.6 6.0 4 
43.6 30.6 24.0 32. 
j, records after 7 and 9 days) 
: 5.3 11.1 6.2 
4.6 0. 0.5 
0.2 0. 0 
1.1 i. 2.8 
0.5 0. 0 : 
1.9 Be 4.8 2. 
56.6 30.6 30.6 39.5 


Parathion 2 

Chipman R-6199 (75%) 

Guthion 1.5 

Hercules AC-528 

Diazinon 2 

Untreated outside check - 55. 
Experiment 6 (Spray application on August 

Parathion 2 ).25 5 

Kelthane 1.6 1.0 56 

Monsanto CP-77693 2 .25 49. 

Ethion 2 53. 

Trithion 4 51. 
L.S.D. at 5% level - 

Untreated outside check 54. 
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® Hexaethyl (ethylthiomethylidyne) triphosphonate. 


ords were not completed until December 3 and differ- 
ences among treatments were not significant. In the first 
picking record, October 7, each insecticide gave a signifi- 
cant gain in yield over untreated check. The Sevin dusts 
were better than the 1.0-pound spray dosage. 

In experiment 3 each insecticide reduced bollworm 
square and boll injury significantly below that of the 
check. Sevin dust gave better control than endrin spray. 
Guthion plus DDT was more effective as a dust than as a 
spray. Endrin spray and Sevin and Guthion-DDT dusts 
were more effective than the calcium arsenate-DDT- 
parathion dust. A heavy spider mite infestation devel- 
oped in the plots treated with Sevin. To prevent damage 
from this pest, the plots were treated with demeton on 
August 27. Each insecticide gave a significant increase in 
vield over check, but there was no difference among in- 
secticides. 

In experiment 4 toxaphene-DDT and endrin gave 
better bollworm control than Guthion-DDT. Because 
conditions were favorable for plants to set fruit after the 
bollworm infestation was over, the difference in control 
was not reflected in the yield. 
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Resutts Against Spriper Mires (table 2).—In ex- 
periment 5 there were no significant differences in control 
among acaricides. There was some indication that better 
residual control might be expected from Chipman 
R-6199, Guthion, or Hercules AC-528 than from para- 
thion or Diazinon. 

In experiment 6 Kelthane gave the poorest initial kill, 
as indicated by records made 1 day after treatment. In 
residual control Kelthane, Monsanto CP-7769, ethion, 
and Trithion were significantly better than parathion. 
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ABSTRACT 


Twenty-eight compounds related to DDT were evaluated as 
DDT synergists applied topically to a resistant strain of house 
flies at a dosage of 1 ug. of the test compound and 5 yg. of DDT. 
Some of the compounds were analogs of DDT and had previously 
been shown to exhibit synergistic activity. The effect on syner- 
gistic activity of varying the para substituents was studied in 
several series of compounds. 

In the p,p’-substituted diphenylmethane series, synergistic 
activity was destroyed if bromo-, fluoro-, methyl or nitro- was 
substituted for chloro-. 


The ability of the house fly (Musca domestica L.) to 
develop resistance to DDT ((2,2-bis(p-chloropheny])-1,1, 
1-trichloroethane)) and various other chlorinated hydro- 
carbons presents a problem of considerable economic 
magnitude. The importance of the problem is reflected in 
the increasing amount of research which has been under- 
taken in order to elucidate the factors contributing to the 
resistance of strains of house flies and other insects to 
DDT. One factor contributing to this resistance resides 
in the ability of the house fly to convert DDT to its rela- 
tively non-toxic analog, DDE ((1,1-bis(p-chloropheny]) 
-2,2-dichloroethylene)) (Sternburg et al. 1950, March & 
Metcalf 1950, Winteringham et al. 1951). Although sus- 
ceptible strains of house flies can metabolize DDT to 
DDE (Perry & Hoskins 1951), the amount metabolized 
is considerably less than that of resistant strains. 

Summerford et al. (1951) and March et al. (1952) 
showed that certain structural analogs of DDT could in- 
crease the toxicity of DDT to resistant house flies. Perry 
et al. (1953) found that one of these analogs, DMC 
((1,1-bis(p-chlorophenyl)-ethanol)), inhibited the de- 
hvdrochlorination of DDT, thus indicating that an enzy- 
matic process was involved in the dehydrochlorination. 
This was verified by Sternburg & Kearns (1953) who 
demonstrated the presence in resistant house flies of a 
glutathione-activated enzyme capable of metabolizing 
DDT to DDE. Later, Sternburg et al. (1954) found this 
Di)'T-dehydrochlorinase to be a constituent of all of the 
strains of resistant adult house flies they tested, but were 


The para fluoro- substituted diphenylethane was inactive 
while the chloro- and bromo- diphenylethyl chlorides were more 
active than the corresponding methyl] derivative, although less 
active than 1,1-bis(p-chlorophenyl) ethane. The diphenylethyl- 
enes exhibited this same activity pattern, chloro-derivatives being 
more active than the methyl derivative. The para chloro-, 
bromo- and methyl substituted diphenylviny! chlorides were less 
active than their corresponding ethylenes or ethyl chlorides. 
The vinylidene chlorides and bromides exhibited no synergistic 
activity regardless of the nature of the para substituents. 


unable to detect it in susceptible flies. The high titre of 
DDT-dehydrochlorinase found in resistant adult flies, 
and its apparent absence in susceptible adults indicates 
the importance of this enzyme in contributing to the 
tolerance of DDT by resistant flies. Moorefield (1955) 
has demonstrated in in vitro existence of DD'T-dehydro- 
chlorinase in susceptible house fly larvae. 

Moorefield & Kearns (1955) demonstrated the ability 
of certain DDT synergists to inhibit the enzymatic de- 
hydrochlorination of DDT. They also showed that the 
in vivo effectiveness of DDT synergists generally was cor- 
related with their effectiveness as inhibitors of DDT- 
dehydrochlorinase. An exception to these findings oc- 
curred with bis(p-chlorophenyl)carbinol, which was an 
effective inhibitor of DDT-dehydrochlorinase, although 
the chemical was relatively ineffective as a DDT syner- 
gist. On the other hand, these authors showed that un- 
substituted diphenylearbinol was inactive both as an in 
vitro inhibitor of DD'T-dehydrochlorinase and as a syner- 
gist. The inactivity of this compound as a DDT synergist 
emphasized the findings of March et al. (1952) that the 
presence of para chloro-substituents is correlated with op- 
timum synergistic activity. They also reported that di- 
phenylchloromethane, _ 1,1-bis(p-methoxypheny])ethane 
and 1,1-bis(p-tolyl)ethynylearbinol were nearly inactive 
as DDT synergists when compared with the correspond- 

1 Accepted for publication March 28, 1958. 


2 Present Address: Entomology Research Department, Agricultural Experi- 
ment Station, Louisiana State University, Baton Rouge, La. 
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ing para chloro-compounds. The relationship of other 
para constituents to synergistic activity has also been 
demonstrated by Speroni (1952) who reported that 
para nitro- and hydroxy groups were nearly inactive 
as DDT synergists when compared with para chloro- 
in a series of p,p’-diphenylamines. Summerford et al. 
(1951) demonstrated the synergistic activity of 1,1- 
bis(p-fluorophenyl)ethanol. reporting this compound 
to be comparable to DMC as a DDT synergist. Tahori 
(1955) investigated the synergistic activity of various 
1,1-diphenyl!-2,2,2-trifluoromethylethanol derivatives and 
found that bis(p-chlorophenyl), bis(p-bromopheny]l) and 
his(p-fluorophenyl)- substituted trifluoromethylearbinols 
were effective DDT synergists at a ratio of 1 part syner- 
gist to 10 parts of DDT. The bis(p-methoxyphenyl) and 
bis(p-nitrophenyl) derivatives were less active, whereas 
the bis(p-ethoxyphenyl) and bis(p-methylphenyl) de- 
rivatives were inactive. The results of these various 
studies indicate that the activity of DDT synergists with 
different para substituents varies with the alkyl moiety 
associated with the substituted aryl groups. 

We have investigated the effect of para substitution on 
synergistic activity of the following compounds: di- 
phenylmethane, diphenylethane, diphenyethy] chloride, 
diphenylvinylidene chloride and bromide, diphenylviny] 
chloride and diphenylethylene. 

EXPERIMENTAL.—House flies derived from the Or- 
lando-Beltsville strain, which is resistant to several in- 
secticides, were reared on moist Purina dog pellets and 
the adults held at 32° C. +1° and 50% +5% R.H. both 
before and during the tests. 

Twenty female adult house flies, 3 to 4 days old, were 
lightly anesthetized with carbon dioxide and treated 
topically with an acetone solution consisting of 1 ug. of 
the test compound and 5 yg. of DDT. The solution was 
administered from a 0.25-ml. micrometer-driven syringe. 
Two series of four replications from two populations were 
run on each compound tested. After treatment, each 
group of 20 flies was kept in a half-pint Mason jar and fed 
a suspension of powdered milk in water. Mortality counts 
were made after 24 hours. Results were subjected to a chi 
square analysis to determine significance. The toxicity of 
5 ug. of DDT to the flies was 7 + 2%. The synergists alone 
had a toxicity less than that of 5 ug. of DDT. 

The compounds evaluated as synergists (table 1) are 
analogs of seven diphenylalkanes or alkenes, some of 
which were evaluated by March et al. (1952). The com- 
pounds they studied were tested on our resistant strain in 
order to establish a base line for our related analogs. No 
attempt was made to examine synergistic activity at sev- 
eral dosage levels. 

One of the synergists employed in this study, 
chloropheny]) methylamine, is undescribed; therefore, its 
preparation is reported here. 

The amine was prepared according to the method of 
Webers & Bruce (1948). In a 100-ml. round bottom flask 
were mixed 25 gm. of 4,4-dichlorobenzophenone, 27 gm. 
formamide and 6.3 gm. ammonium formate. This ao. 
was heated at 165 to 170° C. for 5 hours and then poured 
into water. The solid was separated by filtration and 
placed in a 300-ml. round bottom flask with 100 ml. 6N 
HCl. After boiling for 2 hours the mixture was filtered 
and the white precipitate recrystallized from water. The 


bis(p- 
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resulting white silky amine hydrochloride was recrystal- 
lized from water, redissolved in hot water and the solu- 
tion neutralized with sodium hydroxide. An oil separated 
which crystallized slowly on standing. This solid was 
recrystallized twice from ethanol to give white bis(p- 
chlorophenyl)methylamine, m.p. 62-64° C. 
ANALYsSIS.— 
Calculated for Ci3H,,ClN: 

C-61.9; H-4.36. 

Found C-62.1; H. 4-40. 

The structure was confirmed by preparation of the 
hydrochloride and acetamide derivatives and by carbon 
hydrogen analyses. 

ANALYSIS.— 

(p-CIC.H,) >CHN He. HCl. 
Calculated for Ci;HiCl,N: C-54.1; 
Found C-54.4; H-4.2. 

(p-CICsH,) >CHNHCOCHS. 
Calculated for C);H\;Cl.NO: C-61.2 
Found C-60.9; H-4.4 

Resutts anp  Discussion.—Substituted Diphenyl- 
methanes.—Synergistic activity was found only with the 
para chloro- analog (1). The corresponding fluoro- (2), 
bromo- (3), methyl (4) and nitro- (5) derivatives showed 
no significant activity at the dose used. This specific 


H-4.1. 


; H-4.4. 


Table 1.—Toxicity to resistant house flies of structural 
analogs of DDT when combined with DDT in the ratio of 
1 toS. 





Ratio 
Per Cent DDT +An- 
Mortat- ALOG 
ITY AT 24 
Hot RS 





M.P. (°C.) 


CompouNnpb® 


DDT» 


8 
1 
l 
l 
F 
4. 
2 


Substituted Diphenylmethanes 

1. (p-CIC6H4) 2CHe 54-55 

2. (p-FCsH4)2CHe2 28. 5-29. 

3. (p-BrCeéH4) 2CHe Liquid 

4. (p-CH3CgH4) 2CH2 165/12 mm, 

&. (p-NOeC5H yo oC He 1838 

6. (0,p’-NOeC6H4) eCHe 118 

7. (p-NOsCsH,) >CHBr 92-92. 

8. (p-CICs6H4) s>CHNHe 62-64 
Substituted Diphenylethanes 

9. (p-CICeH4) eCHCHs 55 

10. (p-FC6H4) eCHCHs; 13 
Substituted Diphenyle a < hlorides 

11. (p-CICeH4) 2CH CI 

12. (p-tsrCeH4)2CH C HC ] { 

13. (p-CHsCeH4)2CH CHCl 50- 
Substituted Diphenylethylenes 

14. (p-CICsH4)2C =CHe 86 

15. (p-BrCéH4)2C =CH2 87-88. £ 70 

16. (p-CHsCeH4)2C =CHe 60-6 40 
Substituted Diphenylviny] Chlorides 

17. (p-CIC6H,) 2C =CHCI 67-6 32 

18. (p-FC6H,4)2C =CHCl 34.5 35 

19, (p-BrCsH4)2C =CHCI 107-108 42 

20. (p-CHsCeH4) 2C =CHC] 42 20 

21. (p-CH3s0C6H4) oC =CHCI 76 48 
Substituted Diphenylviny lidene Chlorides 

22. (p* i ‘eH4) 2 =CCle 89 5 

23. (p-FC6H4)2C =CCle $2 10 

24. (p-BrCéH,4) 2C =CCle 121 15 

25. (p-CHsCeH4) 2C =CClhe 87 10 

26. (p-CHsOC¢6H4) 2C =CCle 109 10 
Substituted Diphenylvinylidene Bromides 

27. (p-CIC6H4)2C =CBre 104-105 10 

28. (p-BrCéH4)2C =CBre 122 10 
DDT (5 ug.) 7+3 
Test compounds (10 yg.) 4+2 


le 


c] 
— i 





® We are indebted to the following for their kindness in furnishing several of 
the test compounds: po Mr. S. A. Hall, U. S. Department of Agriculture, 
Beltsville, Maryland; (2) Dr. F. A. Gunther, University of California, River- 
side, California; (3) An a Beran, Bundesanstalt fur Pflanzenschutz, Vienna, 
Austria; (4) Dr. J. Bornstein, Boston College, Chestnut Hill, Massachusetts; 
(5) (6) (7) Dr. Orfeo O. Orazi, Universidad Nacional de La Plata, Argentina; 
(9) Dr. J. Sternburg, University of Illinois, Urbana, Illinois; (11-21) Dr, S. J, 
Cristol, University of Colorado, Boulder, Colorado, 

> March et al, (1952). 
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activity of the para chloro- analog was not observed in the 
other diphenyl series studied. 

It is interesting to note that aliphatic monobromina- 
tion of bis(p-nitrophenyl)methane (5) resulted in a com- 
pound (7) with greater synergistic activity. In contrast, 
March et al. (1952) reported that aliphatic monobromina- 
tion of bis(p-chlorophenyl)methane resulted in a com- 
pound with the same synergistic activity as the non- 
brominated methane. 

Bis(p-chloropheny]) methylamine (8) was relatively in- 
active when compared with the corresponding methane 
(1). The presence of polar groups on the central carbon 
atom apparently reduces synergistic activity in the bis- 
(p-chloropheny!)methane series. March et al. (1952) re- 
ported that substitution of hydroxy-, keto-, or carboxy- 
on the central carbon atom of bis(p-chlorophenyl)- 
methane yielded compounds which were relatively in- 
active as synergists. 

Substituted Diphenylethane.—1,1-bis(p-chloropheny])- 
ethane (9) showed considerable synergistic activity but 
the corresponding fluoro-derivative (10) was inactive. 

Substituted Diphenylethyl Chlorides.—Substitution of 
chlorine for hydrogen decreases synergistic activity when 
1,1-bis(p-chlorophenyl)ethyl chloride (11) was compared 
to the corresponding ethane (9). 1,1-bis(p-bromopheny])- 
2-chloroethane (12) was significantly more active than the 
corresponding methyl derivative (13) but not signifi- 
cantly more active than the chloro- derivative. 

Substituted Diphenylethylenes.—The chloro- substituted 
diarylethylene was more active while the bromo- and 
methoxy- derivatives were less active, than their corre- 
sponding ethyl chlorides. This series of compounds fol- 
lowed the same activity pattern as the ethyl chlorides, 
the para methyl derivative (16) being less active than the 
bromo- (15) or chloro- (14) derivatives. 

Substituted Diphenylvinyl Chlorides.—In this group of 
compounds, the para halogen derivatives (17, 18, 19) 
were similar in activity. The para methy! derivative was 
significantly less active than the corresponding fluoro-, 
bromo- and methoxy derivatives. The methoxy deriva- 
tive was also significantly more active than the para 
chloro- compound but not the corresponding bromo- and 
fluoro- derivatives; however, the effect of para substi- 
tuents was not nearly as pronounced as that found in the 
diphenylmethanes. As in the diarylethylenes and ethy] 
chlorides, the methyl substituted diphenylviny! chloride 
(20) was less active than the chloro- (17) and bromo- (19) 
derivatives. 

Substituted Diphenylvinylidene Chlorides.—Replace- 
ment of the hydrogen atom on the terminal carbon of the 
diphenylviny] chlorides (17-21) with a chlorine atom (22- 
26) destroyed synergistic activity, regardless of the na- 
ture of the para substituent. 

Substituted Diphenylvinylidene Bromides.—The two 
‘derivatives tested, para chloro- (27) and para bromo- (28), 
were devoid of synergistic activity. 

Decreased synergistic activity was associated . with 
substituting chlorine for hydrogen on the terminal carbon 
of the aliphatic chain, a fact first pointed out by March 
etal. (1952). This fact is evident when compound 9 is com- 
pared with 11, 14 with 17, and 17 with 22. However, sub- 
stilution of a halogen atom does not necessarily diminish 

aclivity, for Tahori (1955) found that synergistic activity 


increased when fluorine was substituted for hydrogen on 
the terminal carbon. As pointed out above, synergistic 
activity also appears to be associated with the nature of 
the para substituents, chloro- and bromo- being in gen- 
eral the most active of the substituents studied. 

It can be conjectured that if the house fly were capable 
of enzymatic dehydrochlorination of the para substi- 
tuted 1,1-diphenyl-2-chloro-ethane (DDM) derivatives 
(11, 12, 13), this could not be regarded as an effective 
detoxication since removal of HCI from these compounds 
would produce diarylethylenes, which are also DDT 
synergists (14, 15, 16). Cristol et al. (1952) found that 
para chloro- and bromo- DDM are dehydrochlorinated 
by ethanolic alkali 4% as much as their respective DDT 
analogs, and 17% as much as their 1,1-diphenyl-2,2-di- 
chloroethane (DDD) derivatives at comparable tempera- 
tures (30° C.). They also showed that the dehydro- 
chlorination rates of the three diarylchloro-ethane series 
proceeded in the following decreasing order: DDT, DDD 
and DDM. Sternburg et al. (1954) have shown that the 
para chloro-DDD derivative is enzymatically dehydro- 
chlorinated three-fifths as much as DDT. If the enzy- 
matic dehydrochlorination rate of DDM is comparable to 
its alkali dehydrochlorination rate, then the conversion 
by insects of DDM toits ethylene would be a slow process. 
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Some Biological Characteristics of the Ichneumonidae (Hymenoptera) 
in Relation to Biological Control! 


Henry Townes, Museum of Zoology, University of Michigan, Ann Arbor 


ABSTRACT 

Ichneumonids are parasites on insect larvae or pupae, on 
spiders, and in spider egg cocoons. Host selection is determined 
partly by ecological factors and partly by physiological, the 
ecological factors being more important than usually realized. 
Size and sex ratio, but not color or morphology, are commonly 
influenced by the host selected. The number of broods per season 
is probably sometimes dependent on the number of broods of the 
host. Moisture, particularly in the form of dew, is an important 
requirement of ichneumonids, and in many cases its scarcity is a 
limiting factor. Biological control could be made more effective 
if these facts were better recognized. 


The Ichneumonidae is one of the largest of all families 
of insects. In America north of Mexico it contains about 
2,500 described species and twice this many undescribed. 
Such a large number of species can occur only if there is 
a corresponding biological variety in the family, but 
though the variety is great and constitutes a field offering 
rich rewards for detailed studies, it is worthwhile also to 
think of those characteristics which tend to uniformity 
throughout the family. By knowing the norm, the varia- 
tions can better be recognized and understood. It is there- 
fore hoped that the generalizations hazarded below will 
be of interest both to the specialists on parasitic insects, 
and to the general biologist who would know something 
concerning the general nature of the family. 

Hosts.—All of the Ichneumonidae are parasites as 
larvae and free-living as adults. Most species parasitize 
only insect larvae or pupae. The only other hosts are 
spiders and spider egg sacs, except that a single species in 
England is parasitic on pseudoscorpion eggs. None has 
proven to be parasitic on insect nymphs or adults. The 
orders of insects without larval and pupal stages are thus 
entirely without ichneumonid parasites. This is in con- 
trast to such parasitic groups as Braconidae, Chalcididae, 
Serphoidea, and Larvaevoridae, some of which parasitize 
insect nymphs, adults, eggs, sowbugs, snails, and a few 
other hosts, in addition to the larvae and pupae which 
serve as hosts for the majority. A few ichneumonids 
oviposit into insect eggs, but the stage actually killed is 
the larva or pupa developing from the egg. In the 
Ichneumonidae, oviposition into the egg is only a con- 
venient way of getting into the larva or pupa and there 
are no true egg parasites in the family. Even the species 
attacking spider eggs do not live within the individual 
eggs but are external feeders, consuming one egg after 
another more like a predator within the egg sac than an 
egg parasite. 


The degree of host specificity varies considerably, and 
a moderately wide range of hosts is the rule rather than 
the exception. In the earlier days, when experience was 
more limited, it was thought that a parasite species usu- 
ally attacked a single species of host. This generally 
false idea still persists. The factors resulting in the re- 
striction of host range are about as follows: Each species 
has a definite ecological distribution in the adult stage. 
Naturally, the only hosts available to that species are 
those occurring within its ecological niche. Further, the 
female ichneumonid has rather stereotyped habits of 
searching for hosts. Some search for hosts only as borers 
in dead wood, some search leaf rolls, some search for 
larvae feeding on the terminal shoots of conifers, some 
look for cocoons on tree trunks, some look for pupae under 
dead leaves, etc. Add to this selective habit a restricted 
seasonal distribution, and the number of host species likely 
to be encountered by an ovipositing female is enormously 
reduced. Then there are the more physiological factors 
such as response of the ovipositing female to the odor of a 
particular kind of host, or ability of the parasite larva to 
survive on or in any given host. All of these factors nar- 
row the host range, but usually ot to a single species, 
and often not even to a group ot velated species. 

An ichneumonid parasitizing larvae within galls may 
take Coleoptera or Leopidoptera indiscriminately, so 
long as they are within galls of the general type searched 
by the adult female. Rhyssa persuasoria (L.) parasitizes 
larger borers in coniferous trees. It is known to parasitize 
both siricids and cerambycids. So long as they are larger 
borers in conifers, they seem to be acceptable. [toplectis 
conquisitor (Say) parasitizes almost any exposed or reach- 
able prepupa it can find, its hosts including a very wide 
variety of Lepidoptera and some Hymenoptera. If the 
prepupa it finds happens to belong to another ichneu- 
monid, it also may be parasitized, and the [toplectis in 
this case is a secondary rather than a primary parasite. 
Gelis tenellus (Say) parasitizes many small cocoons, in- 
cluding cocoons of many Lepidoptera, of Chrysopidae, or 
of ichneumonids or braconids. In the latter cases it is a 
secondary parasite. Scambus buolianae (Htg.) has been 
bred from numerous hosts, but all of them living as larvae 
either in flower heads or compact buds, while the closely 
related S. nucum (Ratz.) attacks a number of different 
caterpillars in leaf rolls. Host restriction is usually by 
habitat and type of host, rather than by exact taxonomic 
affinities of the host. Often habitat and type of host are 


1 Accepted for publication April 1, 1957. By mistake in the Editor's office 
this paper was not published in the order of its receipt. 
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closely correlated with restricted taxonomic affinities, 
and in such cases we may expect and usually do find 
specificity for hosts of restricted taxonomic groups. This 
js not to deny the importance of physiologic factors or the 
frequency of very narrow host ranges, but rather to place 
them in more accurate relation to the ecological factors 
and to point out the prevalence of wider host ranges. 
VartATION Dur to Hosts.—There is a common idea 
that the species of host may influence adult color or 
morphology, and that some variation or some apparent 
specific differences are due only to different hosts. Ac- 
tually, there are no known cases among the thousands of 
rearings accomplished to date, where the species of host 
has a marked influence over the color or morphology of its 
ichneumonid parasite. Some borderline or parallel situa- 
tions are discussed below, but these are not considered 
true cases of the phenomenon. Ichneumonid nutrition in 
this respect seems to be similar to human nutrition. A 
person cannot be changed from a blonde to a brunette or 
vice versa by altering his food, even if this is begun at 
babyhood, but nutrition does influence body size and 
plumpness. It is common for the size of the host to in- 
fluence the size of its parasite, and ichneumonids para- 
sitizing a wide variety of hosts are correspondingly vari- 
able in size. The size of the host may also influence the sex 
ratio of its ichneumonid parasite, because in some species 
the ovipositing females tend to lay male (unfertilized) 
eggs in smaller hosts and female (fertilized) eggs in larger 
hosts, resulting in mostly males issuing from smaller 
hosts and mostly females from the larger ones. In such 
parasites it appears that a larger host will usually stimu- 
late the female to fertilize the egg being laid while a 
smaller host usually will not. There are cases, too, where 
unusually short-bodied individuals hatch from unusually 
short stout hosts. Thus Gelis tenellus individuals devel- 
oping in the almost spherical cocoons of Chrysopa are 
definitely shorter and stouter than those developing in 
elongate cocoons of other hosts. Adults issuing from 
pupae of Lepidoptera sometimes have tegumentary im- 
pressions resulting from pressure by inward projections 
of the host pupa, which might be regarded as another 
case of the host influencing the morphology of its para- 
site. Specimens reared under laboratory conditions are 
often less completely pigmented than wild caught speci- 
mens, and thus may appear strikingly different in color. 
These differences, however, are due to the abnormal cli- 
mate in the laboratory, rather than to differences in hosts 
between laboratory bred and wild caught specimens. 
Broops.—Some ichneumonids are single-brooded and 
others multibrooded. The habitually single-brooded spe- 
cies are usually restricted to a single season, such as spring 
or fall, and usually attack single-brooded hosts. Most of 
the others occur throughout the growing season. Such 
species may shift from one host to another as the season 
advances and as different hosts are available. It seems 
probable that some ichneumonids have their time of 
emergence nicely adjusted to the seasonal history of their 
hosts through physiologic factors within the host itself. 
When the host is in diapause the parasite may be also, and 
when the host development reaches a certain stage it may 
trigger the development of its parasite. Thus a parasite 
attacking a multi-brooded host may have emergences 
timed with each host generation, or the same parasite 
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on a single-brooded host may have one emergence per 
season timed with that host. So far, we have only sug- 
gestions that this useful adaptation occurs. Discovering, 
proving, and publishing on some clear-cut cases would 
make an important addition to the philosophy of parasite 
biology. 

MorsturE.—The dominant factor in the ecology of 
adult ichneumonids, and therefore an important indirect 
factor in their host relations and effectiveness as para- 
sites, is the matter of moisture. As a general rule, adult 
ichneumonids need a drink of water each day. Usually 
this is in the form of dew which is lapped up from foliage 
in the morning. Specimens caught in the morning often 
have the abdomen well distended with water. Late in the 
afternoon one does not find such specimens, except in 
rainy weather. The membranous areas on the underside of 
the abdomen, present and well developed in almost the 
entire family, permit considerable distension with water. 
If ichneumonids are largely dependent on water on 
foliage, then they should be largely restricted to areas of 
frequent dew or rain. This restriction is a general fact. 
The majority of species and individuals occur only where 
and when rain or dew are regularly available. Rain and 
dew commonly occur together, but of the two, dew is more 
regular and dependable. Dew is common at higher alti- 
tudes where night cooling is greater, and in moist climates, 
where the atmosphere is habitually closer to the dew 
point. In such places ichneumonids are common through- 
out the growing season. In some parts of the lowland 
tropics there is heavy rainfall and high humidity, but 
because temperatures do not fall far at night, there is 
seldom dew. Unless the rainfall is very frequent, ichneu- 
monids are not particularly abundant in such climates 
because there are many consecutive days without drink- 
ing water on the foliage. 

In many areas dew or rain is common in spring or fall, 
or during a definite rainy season. In general, ichneu- 
monids in those places are commonest at just those sea- 
sons. It is usual in temperature areas for ichneumonids to 
be common and widespread in early summer when mois- 
ture is abundant, then as the season becomes warmer and 
drier to become more and more restricted to heavier 
vegetation, stream bottoms, or higher altitudes where 
moisture is more persistent. In the fall when dew and 
moisture are again more prevelant they will be commoner 
again, and more widely distributed. Some of the species 
involved occur as adults only in the early part of the 
season, some only in the later part of the season, and some 
throughout the season, with early and late season peaks 
of abundance correlated with the moisture peaks. 

In the absence or scarcity of regular dew or rainfall 
there are other sources of moisture, less important for the 
family as a whole but of primary importance for some 
species. There are nectaries of plants. Many species get 
moisture (and food) from flowers with exposed nectaries, 
particularly the Umbelliferae. A few have elongate 
mouthparts and can reach the nectaries of tubular flowers. 
A number of meadow-inhabiting late-season species have 
elongate mouthparts adapted to the Solidago and Aster 
flowers so common at that season. These ichneumonid 
species are found only in late summer and fall, and in the 
vicinity of those plants. There are also extra-floral 

nectaries. Some are so minute as to be usually overlooked, 
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but are an important source of moisture and food for 
ichneumonids. Many woodland ichneumonids spend 
several hours a day working over the foliage of trees and 
shrubs with small nectaries. The foliage of Carya seems 
to be particularly attractive to them. Plants like cotton, 
sweet potato, Cassia nictitans, and field pea (Vigna 
sinensis) have active extra-floral nectaries which are 
commonly attended by large concentrations of ichneu- 
monids. Honeydew is another important source of water 
and food. Ichneumonids make use of it whenever it is en- 
countered. Host fluids exuding from the punctures made 
by ovipositing females provide food and moisture for the 
females of some species, and in some the female will punc- 
ture the host with her ovipositor to feed on the host blood 
rather than to oviposit. 

Some ichneumonids fly at night when humidity is 
higher and spend the day sheltering among dense vegeta- 
tion. The Ophionini and the genus Netelia have these 
habits, and as might be expected these groups are best 
developed in warmer climates, where the daytime tem- 
peratures are high enough to make the moisture problem 
acute and the night temperatures are regularly high 
enough for insects to fly. 

Some species are specially constructed for the conserva- 
tion of moisture. Those living in open dry habitats are 
regularly more heavily sclerotized than those of heavy 
vegetation or moist habitats. Metopius, Barichneumon, 
Trogus, and Exeristes roborator (F.) are examples of this 
group. Another common adaptation for moisture con- 
servation is large size. Size involves the ratio of evaporat- 
ing surface to water reserve. The small slender species 
are commonest in very moist situations, and in drier 
places the medium and large size species are the rule. A 
random collection of specimens from a mossy cloud forest 
has a very different size average than a collection from a 
lowland scrub forest. The small slender species of the 
cloud forest would quickly die of desiccation in a lowland 
habitat, and do not occur there except under unusual 
circumstances. 

Conc.usions.—Only the Ichneumonidae have been 
used as illustrations for these points, but the same char- 
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acteristics and trends occur in other groups of parasitic 
insects, so the statements have some validity for insect 
parasites in general. These general observations indicate 
that in biological control operations more attention 
should be paid to the ecological factors, especially those 
concerning the adult parasite, and that there should be a 
little less emphasis on specific host records. The literature 
contains many cases of purposely or accidentally intro- 
duced natural enemies of insects attacking new host 
species in their new countries. We should broaden our 
ideas of where to look for effective parasites to include 
habitats similar to those infested by the pests but not 
necessarily within the range of the pest species, so long as 
the ecological situations and the general types of available 
hosts are similar. There have been too many attempts to 
introduce parasites not ecologically suited, and_ not 
enough interest in the possibilities of using parasites of 
related hosts. To illustrate this point, one could cite the 
case of Epilachna varivestis Muls. (Coccinellidae), a 
Mexican pest of beans that spread into Eastern United 
States. Search in its native habitat has not produced 
successful parasites for use in Eastern United States. The 
subfamily Epilachninae, to which it belongs, is poorly 
represented in the New World, and few parasites of it 
are known there. In the Old World, however, the Epi- 
lachninae contains hundreds of species, which are at- 
tacked by several known parasites and certainly by 
many more yet undiscovered. These parasites offer 
possibilities for use against the pest species of Eastern 
United States. It would be reasonable to give them a 
thorough investigation. 

In regard to moisture, it should be noted that this 
problem is usually more acute for parasitic insects in 
cultivated areas than in non-cultivated areas in the same 
region. Cultivated areas have thinner vegetation, less 
shade, greater air movement, less persistent dew, and 
often a scarcity or absence of honey dew and exposed 
nectaries. Searches for parasites for use in cultivated 
areas should emphasize the finding of species adapted to 
these drouth conditions. 
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FE. L. Atkins, Jr., University of California Citrus Experiment Station, Riverside 


The adult citrus cutworm, Xylomyges curialis Grote, was de- 
scribed in 1873 from a specimen taken in California. Economic 
damage to citrus was first reported in 1934 in central California. 
Since then, this cutworm has caused extensive damage to citrus 
in several areas of the State’s citrus belt. In uncontrolled infested 
citrus groves as much as 90% of the new flush of growth, 80% of 
the newly set fruit, and 50% of the ripening fruit has been dam- 
aged. Decay rapidly destroys ripening fruit which has been eaten 
into by the larvae. This insect has been collected in the United 
States (in Arizona, California, Utah, Colorado, Montana, Oregon 
and Washington) and in Canada (in British Columbia) from oak, 
antelope-brush, citrus, lupine, chickweed, and Persian walnut. 
In California, the moths emerge (mostly in March) from over- 
wintering pupae, and eggs are deposited on foliage of citrus 
trees soon after emergence. The eggs hatch 5 to 10 days later, 
and each larva requires 3 to 6 weeks to become fully grown. The 


The adult citrus cutworm, Xylomyges curialis Grote, 
was described by Grote in 1873 from a specimen taken in 
California. In 1935 this cutworm was first recorded as an 
economic pest (1934-35) on several hundred acres of 
citrus at Woodlake, California (Woglum 1935, Woglum 
& Lewis 1935, Keifer 1935). It was not reported again as 
doing economic damage to citrus until the spring of 
1954, when the damage was general and particularly 
serious at Redlands, California, on 5,000 acres of navel 
and Valencia oranges and on grapefruit (Atkins 1954c). 
In 1954 the population levels were as high as 600 cut- 
worms per tree, and approximately 2,800 acres were 
treated with insecticides. In 1955 the infested area at 
Redlands was 2,000 acres. Population levels were as high 
as 300 cutworms per tree, and 800 acres were treated 
with insecticides. 

In April, 1957, this insect was economically important 
in Tulare County on 1,500 acres, mostly in the Woodlake- 
Visalia area. However, it occurred commonly from 
Orange Cove in the north to Terra Bella in the south, and 
from Three Rivers on the east to Visalia on the west—an 
area 50 miles long by 25 miles wide. It was also present 
at near economic levels in the Riverside-Arlington, Red- 
lands, and Corona areas of Riverside County, and in the 
Pomona area of Los Angeles County. A small isolated 
economic infestation of approximately 3 acres was treated 
with insecticides on oranges at Simi in Ventura County. 

Economic ImportTANCE.—Cutworm injury on citrus 
consists of larval feeding on the new spring flush of 
growth, on the newly set fruit (fig. 1), and on the ripe or 
ripening fruit (fig. 2). Tender foliage is often consumed in 
its entirety, and fruit is damaged by the cutworms feed- 
ing on the pistil or tip of the new fruit and eating into the 
sides of the young fruit, causing such fruit to be perma- 
nently scarred or to fall from the trees (Atkins 1954a, b, 
c). In uncontrolled infested citrus groves, as much as 90% 
of the new flush of growth and 80% of the newly set fruit 
has been damaged or destroyed, and 50% of the ripening 
fruit has been eaten into. Decay rapidly destroys ripening 


fruit which has been eaten into by the cutworms. Usu- 
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fully grown larva drops to the ground and pupates in an earthen 
cell in the soil at the base of the tree. The primary difference be- 
tween the citrus cutworm and other cutworms that attack citrus 
is that the former oviposits on citrus foliage and its larvae feed 
entirely on citrus trees, whereas the latter build up on cover 
crops in citrus groves and then move to the trees to complete 
their feeding cycle. If 10 or more citrus cutworms are found on a 
per-hour-search basis, it is practical to treat. Nine insecticides 
plus three combinations of these were utilized in the experi- 
ments reported here. Current recommendations developed from 
these tests for controlling citrus cutworms include any one of the 
following formulas: DDT or TDE (DDD) at 5 pounds actual 
ingredient per acre; toxaphene at 6 pounds actual ingredient per 
acre; and parathion at 2 pounds actual ingredient per acre. 
Each of these insecticides provides adequate commercial control 
when properly applied as an outside coverage spray. 






























ally the larvae have matured and dropped to the ground 
within 2 weeks after first being noticed on the trees by 
the growers. The new crop of small oranges as well as the 
mature crops of Valencia and navel oranges and of grape- 
fruit (the crops for 2 years) have been observed to be al- 
most completely destroyed within a 10-day period 
(Woglum & Lewis 1935). 

DistrRIBUTION AND Host PLAnts.— Distribution of the 
citrus cutworm, according to Crumb (1956), is as follows: 
United States: Arizona, California, Utah, Colorado, 
Oregon, Washington, and Montana; Canada: British 
Columbia. The author has taken occasional specimens in 
all localities of the citrus belt of California from 1949 to 
the present time. Cutworm food plants, according to 
Crumb (1956), are the following: oak, antelope-brush 
(Kunzia tridentata), orange, lupine, and other herbs. 
Woglum & Lewis (1935) state that the larvae dropped to 
the ground and cover crop after hatching from eggs de- 
posited on citrus leaves and were found feeding on chick- 
weed and other cover crops. The small caterpillars moved 
from the cover crop back onto citrus trees and did not 
leave the trees again until fully grown. 

The citrus cutworm had never been taken from any 
plants other than citrus until April and May, 1957, when 
a few specimens were found on Persian walnut trees 
(Juglans regia) at Simi, Ventura County, and Arlington, 
Riverside County, California. 

Lire Cycite.—Moths of the citrus cutworm (fig. .3) be- 
gin to emerge from overwintering pupae in the latter half 
of January and continue until the first of May. Most 
adults emerge during the first 2 weeks of March. The 
eggs are deposited on the newer leaves of citrus trees 




































1 Paper No. 1038, University of California Citrus Experiment Station, River- 
side. Presented in part at the Thirty-ninth Annual Meeting of the Pacific 
Branch of the Entomological Society of America, at Riverside, California, 
June 22-24, 1955. Accepted for publication March 28, 1958. 

The pesticide chemicals discussed may not be used unless a tolerance has 
been established or an exemption from the requirement of a tolerance has been 
granted for each specific use, irrespective of the information contained in this 
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Fic. 1. 


(fig. 4) soon after moth emergence. The eggs hatch 5 to 10 


days later, and each larva requires from 3 to 6 weeks to 
become fully grown (fig. 5). The largest numbers of larvae 
are found from the middle of March to the beginning of 
May. The caterpillars when fully grown are from 1} to 2 
inches long, and are light green with a whitish stripe along 
each side (fig. 5). There is considerable variation in the 
color pattern, some larvae being pinkish or brownish, but 


Fic. 2.—Citrus cutworm damage to mature grapefruit. 
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Citrus cutworm damage to citrus foliage and newly set fruit. 


there is always a whitish lateral longitudinal stripe. The 
larvae remain on the trees; if dislodged, they crawl back 
onto the trees, either up the trunk or wherever the foliage 
and branches contact the ground. The fully grown larvae 


Fic. 3.—Citrus cutworm adult. 
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drop to the ground and pupate in an earthen cell (fig. 6) 
in the soil underneath trash, or in bare soil to a depth of 4 
inches, but generally at a depth of 14 to 23 inches. There 
is only one generation a year, and the encased pupae re- 
main under the trees until the succeeding year. 

Following a mild, erratic winter and an early spring, 
emergence of the moths and the deposition of eggs fre- 
quently occurs over a 2- to 3-month period, so that there 
are larvae of all sizes for a considerable length of time. On 
the other hand when the winter is uniformly cool and a 
decidedly warm period of 10 to 14 days’ duration follows 
near the middle of February, moths emerge promptly in 
large numbers. Consequently, egg deposition is heavy 
and larval development is uniform. These latter condi- 
tions usually cause the more serious economic infesta- 
tions, and since population levels are high for a shorter 
period of time, damage is rapid and heavy. 

One of the primary differences between the citrus cut- 
worm and the other cutworms attacking citrus is that the 
former does not develop on the cover crop in citrus groves 
or on other plants nearby, as other cutworms do, but 
spends its entire feeding cycle on the citrus trees (Atkins 
1954c, Woglum & Lewis 1935). 

Economic Levet.— Many infested groves show enough 


foliage and fruit damage to indicate the necessity of im- 


mediate chemical treatment. 

It is usually difficult to find the caterpillars on the 
trees. If the trees are examined—especially on the shady 
sides, where the larvae are generally active and therefore 
more easily seen—for 15-minute periods and 10 or more 
cutworms are found on a per-hour-search basis, it is prac- 
tical to treat. Several such counts should be made in each 
grove to obtain an accurate picture of the infestation. The 
per-hour-search basis method of counting larval popula- 
tions (Atkins et al. 1957) may be described essentially as 
follows: All the living larvae an observer can find any- 
where on the trees in a given period of time are counted. 
If 10 living larvae are found (on 5 trees) in 15 minutes, 
then the total larval population is 40 cutworms per-hour- 


search basis. 


Fic. 4.—Eggs mass on underside of citrus leaf. 
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Fig. 5.—Full-grown citrus cutworm larva. Note whitish 


lateral longitudinal stripe. 


An accurate picture of the infestation may also be ob- 
tained by spraying several trees in a suspected grove with 
2 pounds of 50% DDT wettable powder per 100 gallons 
of water, taking care to obtain a thorough coverage of 
outside foliage. After a period of 1 to 13 hours, the ground 
under the trees is searched for larvae. If the cutworms 
average 10 or more per tree, the grove needs treatment. 
By this method (Atkins 1954b, ¢) some groves have been 
found to harbor up to 600 worms per tree. 

Thorough applications of 5% DDT or DDD dust to 


Fic. 6.—Citrus cutworm prepupa and its earthen pupal cell. 
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Table 1.—Relative effectiveness of several wettable- 
powder sprays applied to citrus trees for control of larvae of 
the citrus cutworm, Xylomyges curialis, in San Bernardino 
County, California, 1954. 











Per Cent LARVAL 
Repuction AFTER? 
Pounbs — —_——— 
TOXICANT 2 
FORMULATION* PER ACRE Days 


DDT, 50% 86 
Toxaphene, 40% 82 
Check 
*arathion, 25% 
Parathion, 25% 
Parathion, 25%° 99 
Malathion, 25% 94 
Malathion, 25% - 93 
Check os 0 
DDT, 50% + 
Toxaphene, 40% 
DDD, 50% 
DDT, 50%+ 
Parathion, 25% 
Parathion, 25%" 
Parathion, 25%" 
Parathion, 25%4 
DDT, 50% 


93 


iS = 70 


© 


#2 2 


«© 


94 


95 


oor Ss 


100 

97 

94 

- 96 
89 97 


© Ow 


or 





® These sprays were applied to Valencia and naval orange trees and on grape- 
fruit trees with an oscillating boom sprayer at the rate of 500 to 600 gallons of 
water per acre unless otherwise indicated. Applications were made to areas 1 
acre or more in size (many were 10-acre blocks) from May 10 to 28, 1954, to 
nearly fully grown larvae in the vicinity of Redlands, California. 

> Average of four replicates per treatment. 

© This spray applied with a conventional high-pressure hand rig. 

4 This series of sprays was applied with a spray-blower (Master Fan type) at 
350 p.s.i. and using No. 4 disks; applications made at the rate of 500, 750, and 
1,000 gallons of water per acre, respectively. 


several trees with either a hand duster or a power duster 
have also given satisfactory infestation levels. 
CHEMICAL CONTROL.—Preliminary results with various 
insecticides applied in the field for control of the larvae of 
this cutworm on citrus in the Redlands area of San 
Bernardino County, California, are given in tables 1 and 
2. Pretreatment larval population counts in each citrus 
plot and the subsequent posttreatment larval counts 
were made on a per-hour-search basis to determine the 
efficacy of the pesticide applications. The number of liv- 


Table 2.—-Relative effectiveness of various insecticide 
sprays for control of larvae of Xylomyges curialis at Red- 
lands, California, 1955. 





Pounps Per CENT 
TOXICANT LARVAL Repwuc- 
PER TION AFTER 

ACRE 1 WEEK 





FoRMULATION® 

15 84 
93 
98 
97 
98 
87 
100 
96 
100 
7 


Cryolite, straight 
Cryolite, straight 

DDT, 50% WP 
Toxaphene EC (8 lb./gal.) 
DDD (TDE), 50% WP 
TEPP, 20% EC 
Parathion, 25% WP 
Dilan, 25% EC 
Dicapthon, 25% WP 
Untreated 


be ee 
wt Ge Ur © 


i Or w— 


| 





® Sprays applied to naval and sweet orange trees with precision oscillating- 
boom, high-pressure sprayer at the rate of 500 gallons of water per acre on 
April 12, 1955, when most larvae were approximately one half inch long (range, 
} to Jinch). 
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Table 3.—Effectiveness of cryolite-TEPP sprays for con- 
trolling larvae of Xylomyges curialis on navel orange trees 
near Redlands, California, April 8, 1955. 








Per Cent Lar- 
VAL REDUCTION 
AFTER 1 WEEK” 


Pounpbs ToxicaNnt 
FoRMULATION® PER ACRE 


Cryolite (straight) + a 98 
TEPP, 20% EC 4 

Cryolite (straight) + 100 
TEPP, 20% EC Ee 





® One ounce of blood albumin spreader per 100 gallons of spray was used ag 
an additive. 

> It is believed that the TEPP, which was included primarily for aphid con- 
trol, caused additional mortality of the cutworms in these experiments. 


ing cutworms remaining after treatment in each plot, 
compared with the pretreatment count for that plot, 
gives the percentage of larval reduction. 

It should be pointed out that for a material to be con- 
sidered practical for control of this pest, it must be ca- 
pable of causing a worm population reduction of a mini- 
mum of 95% within a period of 1 week. Three months 
after treatment was made, aphids were not a problem in 
any of the plots except those treated with DDT or 
toxaphene. Citrus red spider mites were building up some- 
what erratically in almost all the plots at this later date, 
but no comparisons could be made one way or another. 

In another test in the Redlands area, cryolite and TEPP 
were tested for control of a heavy infestation of citrus 
cutworms and citrus aphids on navel orange trees. This 
grove was handsprayed at the rate of 1,200 gallons per 
acre. The cutworms were all Jess than one-half inch long. 
The results of these tests are shown in table 3. 

Since cryolite was used effectively in an outbreak of the 
citrus cutworm in Tulare County in 1935 (Woglum & 
Lewis 1935), another series of tests was initiated to deter- 
mine the effectiveness of cryolite sprays on larvae of 
various sizes in the Redlands area (table 4). It is desir- 
able to use a material like cryolite in the Redlands area, 
if possible, since this area is subject to severe cottony- 
cushion scale build-up following the use of DDT. One 
can readily see that cryolite is efféctive on the citrus 
cutworm if applied early enough. Unfortunately, few 
growers notice infestations before the larvae are an 


Table 4.—Effect of cryolite spray on percentage reduction 
of larvae of various sizes of Xylomyges curialis on navel 
orange trees near Redlands, California, during April and 
May, 1955. 








Per Cent LARVAL 
LENGTH OF CuT- RepuctTion AFTER 
WORMS IN INCHES 1 Week” 


CRYOLITE 
Spray Trest* 


1 0.33 97 
2 .50 92 
é 75 88 

83 


0 





® Cryolite (straight) at 30 pounds per acre, plus 1 ounce blood albumin 
spreader per 100 gallons of water, applied with power sprayer equipment at 
the rate of approximately 500 gallons per acre. 

> Average of four replicates per treatment. 
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average of 1 inch long, and cryolite is not effective against 
larvae of that size. 

Current recommendations for controlling the citrus 
cutworm are the use of one of the following insecticides: 
DDT or TDE (DDD) at 5 pounds actual ingredient per 
acre; toxaphene at 6 pounds actual ingredient per acre; 
or parathion at 2 pounds actual ingredient per acre 
(Carman et al. 1957). Each one of the above-mentioned 
insecticides provides adequate commercial control when 
properly applied as an outside coverage spray. 
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Factors Affecting Populations of the Citrus Bud Mite in Southern 
California Lemon Orchards and Acaricide Treatments 
for Control of This Eriophyid! 


L. R. Jepeson, M. J. Jesser, and J. O. Compiin, University of California Citrus Experiment Station, Riverside 


ABSTRACT 


Studies of populations of the citrus bud mite, Aceria sheldoni 
(Ewing), over a period of 2 to 5 years in treated and untreated 
plots in four southern California lemon orchards are reported. 
In untreated plots a rapid increase in infestations in lemon buds 
started in May or June and peaked in August or September. In 
some years high populations were maintained throughout the 
fall and winter; in other years populations gradually decreased 
during the winter. In either case, populations fell to an annual 
low during April and May. These general population trends were 
correlated with seasonal climatic changes and plant growth 
cycles. Warm summer weather favorable for plant growth and 
also for mite dispersal resulted in rapid increase in infestation, 
whereas winter conditions appeared to reduce movement from 


The citrus bud mite, Aceria sheldoni (Ewing), has been 
a major pest of lemons since its discovery in California in 
1937. In 1941, Boyce et al. established the symptomology, 
described techniques for studying populations, and re- 
ported results of biological and control studies. They 
further observed a very rapid increase in the percentage of 
infested buds during June, July, and August, indicating 
a general migration on the trees during this period, a 
phenomenon that had an important bearing on the time of 
year to apply control measures. It was also observed that 
unusually high temperatures were destructive to these 
mites, even in their protective niches. Evaluation of 
many materials for control of this pest indicated that two 
applications of petroleum oil spray were most satisfactory 
in preventing the development of economic injury from 
this pest, one application prior to the summer season and 
one shortly after the summer season (Boyce et al. 1942). 


one bud to another. Periods of low humidity during the winter 
or spring appeared to be major factors in the decline of infesta- 
tion within the buds during this period. An unusually hot period 
in September 1955 resulted in a sharp decrease of infestation, 
especially in the orchard farthest from the coast. The summer 
population increase was about 1 month later under fruit buttons 
than in the buds, Populations under fruit buttons were higher 
than bud populations during most of the year. 

Applications of petroleum oil and of Aramite in both fall and 
spring were necessary for adequate control. Chlorobenzilate was 
most effective when applied between the first of June and the 
last of September, and a single application during this period 
kept mite populations low for a year. 


Jeppson (1952) reported results of studies with acari- 
cides for control of citrus bud mite. Of the several non- 
oil materials tried, only Aramite could be used effectively 
in California to control this mite. Aramite was less effec- 
tive than petroleum oil, however. In 1955, Jeppson et al. 
reported results of studies which demonstrated that 
Chlorobenzilate was generally more effective than petro- 
leum oil sprays in the control of this mite. Concurrently 
with evaluations of Aramite and Chlorobenzilate treat- 
ments, studies were initiated to ascertain periods of mite 
migration, population trends in relation to seasonal 
weather changes, and the effects of extreme weather con- 
ditions. The results of these studies are reported in this 
paper. 


1 Paper No. 1039, University of California Citrus Experiment Station, River- 
side, California. Accepted for publication March 28, 1958. 
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GENERAL Procepure.—Each of the four Eureka 
lemon orchards used in this study was selected from a 
representative lemon-growing area where citrus bud mite 
is a serious problem. All spray applications were of the 
complete-coverage type and were made by means of con- 
ventional high-pressure spray equipment with manually 
operated spray guns. 

The trends in citrus bud mite populations were eval- 
uated by ascertaining the percentage of buds infested or 
by a rating method of population estimation. In order 
to determine the percentage of buds infested, a random 
sample of 15 terminals was taken from each tree, and 
leaf scales from five buds were removed by means of a 
lancet-pointed scalpel. The percentage of fruit buttons 
infested was ascertained by removing the buttons from 
15 fruits per treatment. In each case, the presence or 
absence of mites was determined with the aid of a binoc- 
ular microscope at a magnification of 30 diameters. 
Where the population of mites in the buds or under fruit 
buttons was estimated, the same number of buds or 
fruits were used, but one of the following ratings was as- 
signed according to the number of mites found: 0=no 
mites, 1=1 to 5 mites, 2=5 to 15 mites, and 3=over 15 
mites. The total rating of the five buds examined on each 
twig was used as the population index rating. 

PopuLaTION TRENDS IN EXPERIMENTAL ORCHARDS. 











M M 
953 


Fic. 1.—Trends in citrus bud mite populations in lemon buds on 

untreated trees in the Fillmore orchard when evaluated at 

monthly intervals from September 1951 to July 1953 (top), as 

percentages of buds infested and (bottom) by a method of 
population ratings (see text). 
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Fic. 2.—Trends in citrus bud mite populations found under 
fruit buttons on untreated lemon trees in the Fillmore orchard 
when evaluated at monthly intervals from September 1951 to 
July 1953 (top), as percentage of fruit buttons infested and 
(bottom) by a method of population ratings (see text). 


Fillmore Orchard.—The Fillmore experiment was con- 
ducted in a 4-year-old orchard which had received no 
pesticide treatment for 12 months prior to the initiation 
of the experiment. Twig samples from each plot were col- 
lected at monthly intervals from September 1951 to July 
1953 and the buds were examined for citrus bud mite. 
Population trends on untreated trees (fig. 1) were ob- 
tained by ascertaining the percentage of buds infested 
(fig. 1, top) and by the population index technique de- 
scribed above (fig. 1, bottom). It will be noted that 
trends were similar when evaluated by either method. 
The infestation or population decreased during March 
and April, reaching an annual low in May and then in- 
creasing during June and July. Other fluctuations were 
irregular, that is, they did not occur at the same time in 
sach of the 2 years. 

Lemon fruit samples were taken from untreated plots 
~ach month and examined for mites. The results are 
plotted in figure 2 as percentage of fruit having mites 
under fruit buttons (fig. 2, top) and as population index 
(fig. 2, bottom). The seasonal cycles were roughly similar 
to those for buds (fig. 1) except that the annual popula- 
tion minimum was reached in June and the summer in- 
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Table 1.—Number of weeks after spray treatment* until 10% of the buds in three southern California lemon orchards 


became reinfested with citrus bud mite. 








FILLMORE ORCHARD 
(VENTURA CouNTY) 


Petroleum Oil, 
Sept. 1951 to 
Aug. 1952 


Aramite, 
Sept. 1951 to 
Aug. 1952 


MontH 
OF SPRAY 
APPLICATION 


January 24 29 
February - 
March 17 


—t et 2D 
mm Or vo 


_ 


April 17 
May 14 
June { 24 
July 21 
August 15 


roa 


_ 
Gr 


September f 4 42 


October 39 5Q» 
November 3 33 29 
December - - 28 


Petroleum Oil, 
Oct. 1952 to 
Sept. 1953 


Esconp1po OrcHARD 
(San Dieco County) Tustin OrcHARD 
a : (ORANGE County) 
Chlorobenzilate . 


Chlorobenzilate, 
Apr. 1953 to 
Mar. 1954 


Oct. 1953 to Oct. 1954 to 
Sept. 1954 Sept. 1955 

32 30 36 

26 - 

27 28 


20 
52 14 
52° 52 


5 Vv 


52e 
52 


52 
528 


48 40 
52 30 





§ Sprays applied to different plots the first week of each month of years indicated in column heading. 
b Result of first application. Results of applications the following year continued at top of column. 
° Hot weather in September 1955 caused a reduction in bud mite populations in the checks; therefore, comparative data on length of effectiveness of treatments 


applied at these times were of questionable value. 


crease came in July and August or about 1 month later 
than that of the buds. 

Treatments applied to plots containing 18 trees rep- 
licated four times consisted of an emulsive formulation 
of a light-medium spray oil at 1{ gallons per 100 gallons 
of spray, or 2 pounds of a wettable-powder formulation of 
15% Aramite per 100 gallons of spray. The applications 
were made to different plots the first week of each month 
from September 1951 to August 1952. 

Early fall treatment (in September or October) kept 
infestations in the buds below 10% for longer periods of 
time than treatments at any other time of year (table 1). 
Petroleum oil applications resulted in longer periods of 
low infestation than Aramite applications, regardless of 
the month of application. In no case, however, did an 
annual treatment of petroleum oil or Aramite keep bud 
infestations below 10% for an entire year. 

Escondido Orchard.—A mature lemon orchard which 
had not received a pest control treatment for 3 years was 
selected for this study. The percentages of infested buds 
ascertained at monthly intervals from January 1953 to 
December 1957 on trees in untreated plots are plotted in 
figure 3. The number of hours per week in which relative 
humidity was below 20% and 10% was determined from 
hygrothermograph records The data are summarized in 
the bar graph (fig. 3). Wi.en temperatures were above 
100° F., the maximum was recorded above the bar. The 
average monthly temperatures (averages of daily maxi- 
mum and minimum temperatures) are plotted as a line 
graph at the top of the figure. 

In this orchard the time of the year when the annual 
population minimum occurred was February of 1953, 
March to May of 1954, February to May of 1955, Jan- 
uary through May of 1956, and April through July in 
1957. Populations increased each year in May and June 
or in June and/or July, reaching a peak in the period 
from July to September. Populations then usually de- 


clined until the following winter or spring. An exception 
occurred in 1955, when infestations were sharply reduced 
as a result of a prolonged period of unusually high tem- 
peratures during the first part of September. 

Treatments in this orchard were applied to three rep- 
licates of plots consisting of eight trees. Starting in 
October 1952, an emulsive formulation of light-medium- 
grade petroleum oil was applied to different plots each 
month until September 1953. In October 1953, 1 pound 
of wettable powder formulation of 15% Chlorobenzilate 
was applied to the plots, instead of petroleum oil. Plots 
were treated during the same month of each year until 
September 1956. In 1952-53 the petroleum oil applica- 
tions failed to keep the buds below a 10% infestation 
except when applied in October (table 1). Over 10% of the 
buds became infested in 5 to 7 weeks following May, 
June, and July applications. 

During the two years beginning October 1953 to 
August 1955, however, the summer Chlorobenzilate ap- 
plications resulted in less than 10% infested buds for a 
year after treatment. A hot period in September 1955 re- 
duced bud mite populations in check plots; therefore, the 
results of treatments made the preceding 11 months or 
less were influenced by these adverse weather conditions 
unless over 10% of the buds were infested before that 
date. Applications of Chlorobenzilate made from No- 
vember to April failed to keep the bud infestation below 
10% for a full year. 

Tustin Orchard.—The 4-year-old lemon orchard se- 
lected for this experiment had been treated with petro- 
leum oil 4 months before the initiation of the experiment. 
At monthly intervals from July 1953 to June 1955, the 
percentages of buds on untreated plots infested with 
citrus bud mite were evaluated. These results are plotted 
as a continuous line graph (fig. 4), above which bar graphs 
indicate the hours during this period when the relative 
humidity was below 20% and 10%. The top graph (fig. 
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4) shows average monthly temperatures for the period 
covered by the experiment. 

Populations increased rapidly during July and August 
of both 1953 and 1954, reaching a peak in August or early 
September. In 1953-54 a high percentage of the buds 
remained infested until April, whereas in 1954-55 the 
infestation decreased during the fall and early winter 
months. 

Treatments applied to 4-tree plots replicated four times 
consisted of sprays containing 1 pound of wettable pow- 
der formulation of 25% Chlorobenzilate per 100 gallons 
of water. Applications were made to different plots each 
month from April 1953 to March 1954. In plots treated 
June through September, less than 10% of buds were 
infested during the 12 months following the application, 
whereas treatments at other times failed to keep the bud 
infestation below 10% for a full year. 

Somis Orchard.—The lemon trees at Somis were 4 
years old and had been treated with petroleum oil 4 
months prior to the initiation of the experiment. The 
percentage of buds infested was evaluated at monthly 
intervals from January 1953 to July 1956 (fig. 5). A 


TEMPERATURE 
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hygrothermograph was maintained in the orchard, and 
from the records the number of hours each week that tiie 
relative humidity was below 20% and 10% was obtained. 
These are indicated in the bar graph. Where temperatures 
during the week were above 100° F., the maximum tem- 
perature reached is indicated at the top of the bar. The 
average monthly temperatures were calculated and are 
shown as a temperature curve above the bar graph. 

Mite populations on untreated plots increased rapidly 
each year during June and July, reaching a peak in 
August. Populations remained relatively high during 
the winter and spring of 1953-54, but during the winters 
of 1954-55 and 1955-56, populations declined irregularly 
and reached a seasonal low by May of each year. 

Discussion AND ConcLusions.—Population trends of 
the citrus bud mite were essentially the same whether 
evaluated by ascertaining the percentage of buds in- 
fested (fig. 1, top) or by using the population index meth- 
od (fig. 1, bottom); the former method (the percentage of 
buds infested) was therefore used as a measure of infesta- 
tion throughout the remaining studies. 

The yearly population pattern in all four orchards was 
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Citrus bud mite population trends on untreated lemon trees in the Escondido orchard from January 1953 to December 1957 
as measured by the percentages of buds infested. Bars indicate the number of hours each week in which the relative humidity was be- 
low 20% or 10%. Above each bar is shown the maximum temperature when it exceded 100° F. Average monthly temperatures are 
shown in the curve at the top. 





1, No. 5 October 1958 — Jeppson er AL.: Factors AFFECTING PopuLaATIONs oF Cirrus Bup Mire 


ard, and 
: that tie 
obtained, 
peratures 
lum tem- 
bar. The 
and are 
iph. 

1 rapidly MAX 
peak in 
n during 
e winters 
regularly 





TEMPERATURE 





trends of 
whether 
buds in- 
ex meth- 
entage of 
f infesta- 


+r 
| 


PERCEN 


ards was 








1953 1954 1955 


Fic. 4.—Citrus bud mite population trends on untreated lemon trees in the Tustin orchard from July 1953 to June 1955, as measured 

by the percentages of buds infested. Bars indicate the number of hours each week in which the relative humidity was below 20%. 

Above each bar is shown the maximum temperature when it exceeded 100° F. Average monthly temperatures are shown in the curve 
at the top. 
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generally a rapid increase in the percentage of buds in- 
fested, starting usually in May or June and peaking in 
August or September. Infestations sometimes remained 
high during the fall, winter, and early spring, but more 
often they gradually declined after reaching the peak in 
August or September. In either case, an annual low was 
reached by April or May. 

The seasonal population cycles of mites under the fruit 
buttons, when measured either by the percentage in- 
fested or by the population index method (fig. 2), were 
roughly similar to those in the buds (fig. 1), except that 
the summer increase was about 1 month later and the 
percentage of infested buttons was higher than that of in- 
fested buds; the ratings of populations under buttons 
were also higher throughout most of the year. 

This general population cycle in lemon buds appears 
to be closely correlated with seasonal climatic changes 
and plant growth cycles. The period of maximum growth 
occurs during April and May. As soon as this growth ap- 
proaches maturity (in May or June), it provides an 
abundance of favorable new protective “niches” and 
food supply. The summer temperatures favorable for 
rapid population increase and the summer periods, es- 
pecially nights, that provide warm, high humidity con- 
ditions, appear to be most suitable for mite dispersal, 
and probably account for the rapid build-up of infesta- 
tions during this period. As long as weather conditions 
were favorable for movement of mites from one bud to 
another, any new growth produced in the fall was soon 
infested. However, average temperatuie decline from 
September through November, and fall and winter winds 
providing periods of low humidity, frequently produced 
unfavorable conditions for mite dispersal. During the 
winter, weather conditions appeared to be less favorable 
for active mite dispersal, and plant growth was at a 
minimum. Therefore, as indicated by Boyce et al. (1942), 
buds become severely injured by the mite feeding. The 
injured tissue dies and shrivels, and the mites are grad- 
ually exposed to atmospheric conditions which may be 
unfavorable for survival. 

Apparently, fall and winter population declines are 
correlated with the frequency and duration of the periods 
of low humidity (correlate bar graphs with population 
curves, figs. 3, 4, and 5). A 3-week period of excessively 
high temperatures during the last of August and first of 
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September, 1955, reduced mite populations at Escondido 
(fig. 3) and Tustin (fig. 4), the effect being more pro- 
nounced in the Escondido orchard, which was farther 
from the coast. 

Our treatment studies confirm the work of Boyce e? al. 
(1942) in that applications of petroleum oil in September, 
October, or November kept mite populations low for a 
longer interval after treatment than those made at other 
times of the year and that one application a year was 
insufficient to maintain low populations throughout the 
year (table 1, Fillmore and Escondido orchards). These 
studies also show that Aramite was most effective when 
applied at this same period of the year but was consist- 
ently less effective than oil, regardless of the time of 
year in which the applications were made. 

In contrast to the results obtained by treatments with 
petroleum oil, Aramite, or the other materials evaluated 
by Boyce et al. (1942) for bud mite control, Chlorobenzi- 
late was most effective when applied during the period 
from June to October (table 1, Escondido and Tustin 
orchards). One application of Chlorobenzilate spray dur- 
ing this period resulted in low mite populations for the 
entire year. These results, together with field observa- 
tions, indicate that Chlorobenzilate not only kills the bud 
mites contacted at the time of application but also leaves 
residues that are toxic to the mites throughout the dis- 
persal period, June through October. However, once the 
mites reached the buds in the fall cycle growth, or the 
fruit buttons, and dispersal was reduced by the cool fall 
and winter weather, Chlorobenzilate did not effectively 
control the populations for an entire year. 
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The Gross Pathology of the American Cockroach Following 
Injection with Organic Solvents! 


R. L. Parron, and D. S. Sarkarta,? Department of Entomology, Cornell University, Ithaca, New York 


ABSTRACT 

Sub-lethal doses of organic solvents from eight chemical cate- 
gories were injected into the body cavities of young adults and 
nymphs of the American cockroach (Periplaneta americana (L)), 
and a comparative study was made of the gross pathology of the 
tissues and organs which resulted. The observations show a strik- 
ing similarity in the effects with those reported when similar 
compounds are studied with mammals. 


Organic solvents are used with many of the agricultural 
poisons and it is well known that these often have insec- 
ticidal activity of their own. When mode of action studies 
are undertaken with organic insecticides one of the prin- 
cipal problems is to find a solvent carrier that will not 
obliterate the action of the base chemical, and when toxic- 
ity studies are made it is always desirable to find a solvent 
or adjuvant which will enhance the effectiveness of the 
toxicant. This investigation was planned with both of 
these problems in mind. 

Meruops.—Pure solvents in partial series from eight 
chemical categories were injected into the body cavities 
of young adults or last instar nymphs of the American 
cockroach (Periplaneta americana (L)). Injections were 
made using a micrometer-controlled syringe either 
through the coxal corium of the third leg or between the 
second and third abdominal segments laterad to the 
dorsal vessel. Mortality was recorded at 24-, 48-, and 
72-hour intervals and dissections were made on the 
surviving individuals. If no individual survived the 24- 
hour period the injection was repeated with a decreased 
dose and dissections were made with a shorter lapsed 
time interval. The gross pathology was judged prin- 
cipally from the appearance of the tissues of the various 
organs. The results are recorded in table 1. The degree of 
injury to the organs was classified in 5 degrees from 0 to 
t+. The latter indicates very severe injury or complete 
inactivation of the organ. 

Descriptive TERMINOLOGY AND EFFECTS ON THE 
OrGan Systems.—The descriptive terminology is de- 
fined as follows: Hyperactivity is a state of violent and 
undirected running apparently not associated with ex- 
ternal stimulation. An insect is described as irritable 
when its response to external stimulation is exaggerated. 
The opposite of this is torpid. Locomotor instability 
describes a state akin to drunkeness in which the insect 
is capable of staying on its feet but is very uncertain in 
its movements. When equilibrium is lost the insect is 
capable of movement but is usually on its back. This is 
the same as knock-down as the term is applied to screen- 
ing tests. 

The effects on the organ systems were judged on the 
basis of appearance of the tissues and their physical 
properties. Injury to the Malpighian tubes is apparent 
when there is no fluorescence under ultra-violet light and 
When there are structural abnormalities. Methyl alchohol 
causes the tubes to have the appearance of chemically 
fixed tissue. The cytoplasm is gelled, no nuclei are ap- 


parent, and there are swellings caused by the enlargement 
of the lumen. The glycols and the related cellosolves and 
carbitols cause the tubes to become crenate with apparent 
separation of the cytoplasm from the wall. This is par- 
ticularly pronounced at the distal ends and where the 
tubes are in contact with the fat body. In advanced cases 
of glycol poisoning there appears to be a proliferation of 
tissue at the distal ends. This may be interpreted to be a 
syncitial growth or it may be an accumulation of hemo- 
cytes around a site of injury. In all cases where there is 
severe injury to the Malpighian tubes an accumulation 
of uric acid crystals will be apparent in the fat body. 

Damage to the fat body was assayed by the appear- 
ance and consistency of the organ. Typical injury is a 
fatty degeneration of the tissue which gives it an amor- 
phous oily appearance. Often it is discolored. The fat body 
may disintegrate and disappear entirely in advanced 
cases of poisoning. Fat body damage is usually accom- 
panied by the external symptom of acute flatulence. This 
may be so severe that the intersegmental membranes of 
the abdomen are stretched tight and in some cases the 
crop may burst. 

Injury to the blood implies damage to the hemocytes. 
This was determined by differential counts of smears pre- 
pared according to the method of Sarkaria et al. (1951). 
Blood cell damage can be described in two stages each 
with several variants. In the first stage the cell loses its 
ovoid shape and becomes rounded. The cytoplasm begins 
to show small silvery inclusions which coalesce as the 
process proceeds. These stain deeply with Sudan black 
and are identified as fat or oil. In the second stage the 
nucleus shrinks into a bar shape similar to that observed 
in coagulated blood. This process also may be observed 
in several stages which culminate in a shrunken bar 
shaped nucleus surrounded by an envelope of dari stain- 
ing cytoplasm which usually has an irregular shape. The 
visible manifestations of blood cell injury are the same 
regardless of the chemical that produces it. 

Color, the presence of nerve sheaths, and physical 
properties were the criteria used to determine damage to 
the nerves. Observations were made on the larger nerve 
trunks. When these are damaged the color changes from 
the usual translucent to an opaque white or light brown, 
and they frequently become brittle so that they are easily 
broken by manipulation. The presence of the nerve 
sheaths was determined by microscopic inspection. 

Resutts.—From table 1 it is apparent that some of 
the solvents exert their effect more subtly than others. 
Thus, methy] alcohol and ethylene glycol have relatively 
low toxicity but their effects could easily obliterate those 
of the toxicants. 

There is a striking similarity in the effects of solvents 
when a comparison is made between the observed activity 
and that reported from mammalian toxicology by Brown- 

1 Partially supported by National Institutes of Health grant No. 2026. Ac- 
cepted for publication March 31, 1958. 


2 Now located at the Department of Pathology, University of California at 
Los Angeles Hospital, Los Angeles, California. 
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ComMPOUND 


Methyl 


Ethyl 


n-Propy] 


n-Buty] 


Ethylene 


di-Ethylene 


Propylene 


Methyl 


Ethyl 


Butyl 


Methyl 


Ethy| 


Butyl 


2,2,4-trimethyl pentane 


Cyclohexane 


Hexane 


n-Heptane 


n-Octane 


n-Decane 


Kerosene (deobase) 


Benzene 


VoLUME 
INn- 
JECTED 
(uL.) 


No. or 
ADULTS 


Drab 
Arter (Hrs.) 


24 48 72 


s of organic solvents on the American cockroach. 


EFFECTS ON ORGANS 


IMMEDIATE RESPONSE 

ALCOHOLS 
Hyperactivity for 1 to 2 hrs. 
do. 


oe 


+++ 
aaae cas 


“+ 
++ 
Irritable with locomotor in- 

stability 
do 


Hyperactivity with locomotor 
instability. No recovery 


Immediate and permanent 
loss of equilibrium 
GLYCOLS 
Normal 
Normal 


Normal 
Normal 


Torpid 

Torpid 
CELLOSOLVES 

Normal 

Normal 


Normal 
Torpid 


Loss of equilibrium for 1 to 14 
hrs. 
do. 
CARBITOLS 
Hyperactivity 
Hyperactivity followed by 
loss of coordination 


Normal 
Normal 


Hyperactivity with loss of co- 
ordination in 1 hr. 

Hyperactivity with loss of co- 
ordination in less than 3 hr. 

ETROLEUM HyprROCARBONS 

Normal 

Normal 


Loss of equilibrium 
do. but more rapid 


Hyperactivity with loss of 


equilibrium 
do, but more pronounced 
Hyperactivity with recovery 
Hyperactivity with loss of 
equilibrium 
Normal 


Hyperactivity with recovery 


AroMATIC HyDROCARBONS 


Hyperactivity with loss 


equilibrium 


bape 


Mal. Tubes Fat Body Blood 


ee 
aa 


+4 
oe 


++++ 


Ss 


+4 
+4 


+44 


All dead 


++++ +++ 


Nerves 


+++ 
+++ 


do. ake aoe ao 


Xylene 





® Nymphs and adults, 
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Table 1.—(Continued) 








VoLUME 
In- (Hr.) 

JECTED No. or 
(ut.) AbuULTS 24 


CoMPOUND 48 72 


IMMEDIATE RESPONSE 


EFFECTS ON ORGANS 


Mal. Tubes Fat Body — Blood 


Nerves 


CHLORINATED COMPOUNDS 


Carbon tetrachloride j F do. 


Chloroform 


Tetrachloroethane f j Q do. 


++++ 4+4+4+4+ 44+ ot 


Hyperactivity with permanent 
loss of equilibrium 


++++ +4+4++ 44+ be 


++++ +4+4+4++ +4 


MISCELLANEOUS 


Dioxane f a oe do. 


Tetrahydrofuran 
covery 


Acetone 


Hyperactivity with recovery 


All dead 


Hyperactivity with some re- 


+4+++4+ +4+4++ 4+4+4++4+ 


oo +++ + 





ing (1952). Compounds which cause kidney lesions in 
mammals also bring about Malpighian tube damage in 
insects, and those causing liver degeneration produce 
fatty degeneration of the fat body. In most cases the 
toxicity increases with the number of carbons. 

These data lead to two important conclusions: First 
it shows the importance of a careful study of the toxicity 
of solvents used as carriers for insecticides where mode of 
action studies are to be made, and second it indicates the 
possibility of selecting adjuvants which will potentiate 


An Attempt to Reduce DDT Resistance in 
Body Lice by Reverse Selection’ 


M. M. Cork and P. H. Cuarx, Entomology Research 
Division, Agr. Res. Serv., U.S.D.A. 


Some insects readily lose their resistance to insecticides when 
exposure ceases, others may require a longer time to revert to the 
original susceptible state, and some may never lose resistance 
completely. A colony of body lice (Peduculus humanus humanus 
L.) failed to lose all resistance to DDT in 45 generations after 
the last exposure to this insecticide (Cole et al. 1957). An at- 
tempt was made to increase or accelerate the loss of DDT re- 
sistance in the Korean strain of body lice by reverse selection— 
that is, selection of the most susceptible rather than the most re- 
sistant individuals. 

In selecting the most susceptible lice it was advisable to use 
either DDT or a related chlorinated hydrocarbon. Since the 
first evidence of insecticidal action is the knockdown, it was 
postulated that selection could be made on this basis so that 
the most susceptible individuals (those knocked down first or at 
the lowest concentrations) could be removed from further con- 
tact with the insecticide and thus be salvaged for rearing stock. 
After several compounds had been tested, the material chosen 
was 3$-p-chlorophenoxy-1,2-propane oxide (EN'T-13111), be- 
cause it gave a quick knockdown and most of the lice recovered 
When removed from further contact. 

Lice from the Korean A colony (Cole et al. 1957), which were 
practically immune to DDT, were used to establish two new 


the activity of insecticides by selectively blocking the 
organ in the insect which is responsible for detoxication. 


REFERENCES CITED 

Browning, Ethel. 1952. Toxicity of industrial organic sol- 
vents. Medical Research Council, Industrial Health 
Research Board Rept. No. 80. Her Majesty’s Sta- 
tionery Office, London. 

Sarkaria, D. S., Sergio Bettini, and R. L. Patton. 1951. A 
rapid staining method for clinical study of cockroach 
blood cells. Canadian Ent. 83: 329-32. 


strains, designated as the Korean E and F colonies. Third-instar 
nymphs of the E colony were exposed to cloth treated with a 
concentration of 3-p-chlorophenoxy-1,2-propane oxide that 
caused approximately 50% knockdown in 1 hour. The knocked- 
down lice were allowed to recover on untreated cloth and were 
used to rear the next generation, whereas those that were not 
knocked down were discarded. In this way the lice most sus- 
ceptible to knockdown in each generation were selected as rear- 
ing stock. Lice of the F colony were maintained continuously on 
untreated cloth and not subjected to selection of any kind. 

To determine any loss of resistance some adults of each gen- 
eration were exposed on cloth treated with 10% of DDT in ace- 
tone according to the beaker test method (Eddy et al. 1954). 
No loss of resistance was apparent in 20 generations in either col- 
ony. In all tests the mortality was very low, although the con- 
centration of DDT was more than sufficient to cause complete 
mortality of normal lice. Reverse selection with this knockdown 
agent did not accelerate loss of DDT resistance. 
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Effects of Chilling of Pupae on Subsequent Emergence 
of Resistant and Susceptible House Flies! 


R. E. Stvervy, Ball State Teachers College, Muncie, Indiana? 


ABSTRACT 


Pupae of the house fly (Musca domestica L.) were refrigerated 
for periods of from 1 to 8 days. Pupae from both DD'T-suscep- 
tible and DDT-resistant strains were used. The effects of exposure 
to chilling of pupae were evaluated with reference to exposure 
interval and (1) numbers of subsequent emerged adults, (2) shifts 
in adult sex ratios, (3) delay in subsequent emergence. 

Results obtained from this study indicate that a linear rela- 
tionship exists between time intervals in which house fly pupae 
are exposed to chilling and numbers of subsequent emerged 
adults. An approximate 9% reduction in emergence occurred 
for each day of exposure to chilling in the susceptible strain 


There are several reports in the literature concerning 
studies of structural and physiological differences be- 
tween resistant and susceptible house flies (Musca domes- 
tica L.). According to March & Lewallen (1950), thickness 
of cuticula, general vigor and dimensions of tarsal seg- 
ments were not associated with levels of DDT resistance 
in the strains studied. Pimentel et al. (1950) report no 
significant differences in numbers of eggs produced, per 
cent of eggs hatching, length of egg and pupal stages, 
pupal weights, sex ratio, preovipositional period or length 
of adult stage; however, larval periods were significantly 
longer in the resistant than in the susceptible strain. 
Babers et al. (1953) report no significant difference in 
larval periods between resistant and susceptible house 
flies. 

Studies made by Pratt & Babers (1953) on susceptible 
and resistant house flies were inconclusive as to signif- 
icance of differences in cholinesterase activity and oxygen 
consumption between the two strains. Lin & Richards 
(1955) report no significant difference in oxygen con- 
sumption in resistant and susceptible strains of house 
flies. Data obtained from studies made by Varzandeh 
et al. (1954) tend to show that inheritance of factors 
associated with vigor were independent of the factors 
associated with resistance. 

The experiment conducted in this study was primarily 
designed to measure the possible differences in responses 
of susceptible and resistant strains of house flies to chill- 
ing. The effects of exposure to chilling of pupae were 
evaluated with reference to exposure interval and (1) 
numbers of subsequent emerged adults, (2) shifts in 
adult sex ratios, (3) delay in subsequent emergence. 

Metuops.—A modified Chemical Specialties Manu- 
facturers Association medium was prepared as follows: 
a dry mixture containing three parts wheat bran and one 
part alfalfa meal was added to an equal part of dry 
screened sawdust. To 3 gallons of this mixture was added 
a water-molasses solution containing 2650 cc. of water 
and 50 cc. of molasses. Neither yeast nor malt was used. 
The ingredients were thoroughly mixed by hand to ob- 
tain a uniform mash. 

Eggs of the house fly were seeded in this medium. 
Eggs from a local susceptible colony strain were obtained 
at the same time as those from the Orlando strain col- 
onized in the same laboratory. The LD-50 for the Or- 


¢ 


tested. A linear relationship also exists between time intervals 
in which house fly pupae are exposed to chilling and delay in 
subsequent emergence 

Although no significant differences could be demonstrated, as 
a result of chilling, between susceptible and resistant house flies 
either in (1) emergence response, (2) deviation in sex ratio, or (3) 
retardation in emergence, the partial failure of resistant flies to 
successfully utilize the larval diet is noteworthy. Apparently, 
limiting factors in the larval diet were more selective against re- 
sistant females than against males of either strain. 


lando strain had previously been estimated as 600 times 
normal resistance to DDT. 

A total of 2700 pupae were used in each of three trials 
for each strain. Pupae used in the experiment were less 
than 24 hours old at the initiation of each trial. The first 
trial was initiated on March 5, the second on March 19, 
and the third on April 16, 1956. Each treatment trial 
consisted of three replications of 100 pupae for each of 
eight exposure periods. Lots of 100 pupae were counted 
out and placed in each of 27 half-pint ice cream cartons. 
The cardboard dises of the carton lids had been removed 
and replaced by screen. These cartons served as emer- 
gence cages for the flies. 

At initiation of each of the three trials, pupae in three 
cages were not refrigerated but were retained in the 
rearing room at a constant temperature of 80° F. The 
remaining 24 cages were stored in a household refrigerator 
maintained at 40° F. After a time lapse of 1 day, three 
cages were removed from the refrigerator and placed in 
the rearing room. On each successive day this procedure 
was repeated until all 24 test cages had been exposed to 
chilling for periods varying from 1 to 8 days. The cages 
were labelled with numbers for identification and ob- 
servation. 

In the rearing room daily observations were made in 
order to determine peak emergence within the cages. 
Estimated numbers of emerged flies were recorded daily 
for each numbered test cage. The first 24 hour period in 
which 50% or more emerged adults were present was later 
established as the criterion for peak emergence for any 
given cage. 

The cages remained undisturbed in the rearing room 
for 2 weeks following the last day of refrigeration. Flies 
still alive at that time were killed with carbon tetra- 
chloride, sexes determined, and counted. Only normal- 
appearing flies were counted as emerged adults. Flies still 
partly enclosed within puparia, or with malformed wings 
or other noticeable abnormalities were not included in 
the counts. 

The entire test consisted of nine replications of 100- 
unit samples of house fly pupae from each strain, each 


1 Accepted for publication March 31, 1958. 

2 This study was made possible through use of the insect rearing room at Ore- 
gon State College, Corvallis, Oregon. Use of this facility is gratefully acknow- 
ledged. 
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Table 1.—Total of Musca domestica emerged from nine 
replicated samples* after exposure to chilling from 1 to 8 


days. 








Days’ Exposure To CHILLING 


(Check) 
0 1 


2 3 4 5 6 TorTaL 


Susceptible strain 
Male 395 375 325 298 251 200 149 161 1858 
Female 395 383 357 254 240 142 134 150 1748 


Total 790 758 682 552 491 342 283 311 f 3606 
Resistant strain 
Male 805 334 314 277 250 186 132 141 
Female 290 255 236 231 171 136 89 104 


Total 595 589 550 508 421 322 221 245 





® Each sample consisted of 100 pupae. 


sample having been refrigerated at 40° F. from 0 to 8 
days. Including non-refrigerated samples (checks) a total 
of 16,200 pupae were used in the entire experiment. 
Resu._ts.—Total emergence from the nine replicated 
samples is shown in table 1. Breakdown by sex for both 
susceptible and resistant strains is also shown. Each 
total represents emergence from a possible 900 puparia. 
Note that a consistent decrease in emergence occurs 
with increased exposure to chilling. Totals at the right in 
table 1 refer to test insects only. Considerably more 
adults of the susceptible strain emerged than adults of 
the resistant strain in both the treated and untreated 
samples. Essentially the same end-point was attained 
after 8-day exposures in both strains. Note the con- 


Susceptible 
---- Resistant 


Percent Emergence 
S$. 6 8 $ 3 8 


3 





A A L i i 


2 3 4 5 6 
Days Exposure to Chilling 


1.—Emergence of two strains of Musca domestica from 
pupae exposed to chilling from 1 to 8 days. 
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sistent tendency for more emerged males than females in 
the resistant strain. 

A definite relationship exists between days’ exposure to 
chilling and adult emergence. This relationship is a linear 
one (fig. 1). Deviations from linearity were insignificant 
at the 5% level of significance (F=1.57 and F=1.52 at 
6 and 56 degrees of freedom) for both strains. The irregu- 
larity in emergence for both strains on the seventh day 
is not readily explained. 

The regression coefficients (—9.0053 and —7.0278) 
were determined by the method of least squares. Since 
100 was the size of the unit sample, these coefficients may 
also be expressed in terms of percentages. Thus, an 
approximate 9% reduction in emergence occurred for 
ach day’s exposure to chilling in the susceptible strain. 
An approximate 7% reduction in emergence, under es- 
sentially identical conditions, occurred in the resistant 
strain. 

Differences in slopes of regression lines are not as im- 
portant as they outwardly appear. The totals 790 and 
595 (table 1), when broken down into individual sam- 
ples, show consistently more emerged flies in susceptible 
than in resistant strains. These differences are significant 
at the 5% level (F=29.75 at 1 and 8 d.f.). Thus, it ap- 
pears that certain limiting factors, probably in the lar- 
val diet, prevented flies of the resistant strain in complet- 
ing some critical phase in development. This difference is 
probably of greater importance than difference in_re- 
sponse to chilling. 

Emergence was erratic in the resistant strain. In 
check samples of this strain, emergence varied from 56 
to 81%, but these differences are insignificant. Variance 
was more marked in treatment replicates than in un- 
chilled samples (table 2). This erratic response in emer- 
gence of the resistant strain is in support of many un- 
recorded observations made during the 2 years previous 
to the experiment. Apparently, the tendency for erratic 
response in number of emerged flies in this strain is ac- 
centuated'by chilling pupae soon after pupation. 

Deviations from the expected 50:50 sex ratio were in- 
significant in both check and treated samples from the 
susceptible strain. In the resistant strain, significantly 
more males than females emerged in the treated samples 
(table 2). Although check samples of the resistant strain 
do not reflect this difference, it should be noted that this 
total check sample represents only 900 flies. Moreover, 
increased exposure to chilling did not result in significant 


Table 2.—Responses of susceptible and resistant house- 
flies to chilling of pupae, as determined by numbers and 
sexes of subsequent emerged adults. 





SUSCEPTIBLE STRAIN RESISTANT STRAIN 


Check Treated Check Treated 


Variations* due to: 
Differences in means 
of unit samples 
Treatment se re) 


Replication Not Sig.* — Significant* 


Not Sig.* 
(F =0.51) (FF =6.30 


(F=1.91) 


Not Sig.* 
(F =0.03) 
Differences in means 
between num- Not Sig.* 
bers of males (F =0.00) 
and females 


Not Sig.* — Significant* 


Not Sig.* 
(F =1.55) (F =30.87 


(F =1.94) 





* Five per cent level of significance. 
** Significant differences due to chilling, but deviations from linear regression 


are insignificant. 
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Fic. 2.—Days delay in emergence of two strains of Musca 
domestica from pupae exposed to chilling from 1 to 8 days. 


shifts in sex ratio (table 1).° Thus, exposure to chilling 
apparently did not inhibit completion of development of 
female flies. Rather, limiting factors in the larval diet 
which prevented flies of the resistant strain from com- 
pleting development were probably selective against 
females. These differences would likely have been re- 
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flected in check as well as treated samples had a larger 
check sample been used. 

The relationship between lag in emergence and interval 
of exposure to chilling is definitely a linear one. There is 
no significant difference in retardation of emergence when 
pupae from both strains are refrigerated (fig. 2). The hy- 
pothesis is acceptable that the adjusted means of thie 
two strains for emergence periods are equal (F=0.22 at 
1 and 142 degrees of freedom). What differences may 
exist in delay in emergence between the two strains are 
not measurable when the day is assigned as the observed 
unit of time. A regression coefficient of 1.1 is applicable to 
both strains. Thus, flies exposed to chilling for 8 days 
were delayed 8.8 days in emergence response. 
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8 A chi-square value of 5.89 is obtained when this hypothesis is tested. This 
value is not significant at the 5% level with 7 degrees of freedom. 


NOTICE TO MEMBERS 


A new periodical, MiscELLANEOUS PUBLICATIONS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA 
will be initiated by the Society in 1959. It will be devoted to entomological articles of more than 
20 printed pages and of a type and length less than that suitable for the Thomas Say Foundation 


series. 


If you have questions or a suitable manuscript please write the Executive Secretary, En- 
tomological Society of America, 1530 P Street, N. W., Washington 5, D. C. 
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Effects of Certain Climatic Factors on the Toxicities of 
Several Organic Phosphorus Insecticides! 


B. G. Higurower and D. F. Martin,’ Texas Agricultural Experiment Station, College Station 


ABSTRACT 


The independent effects of wind, simulated rain, and tempera- 
ture variations on the residual toxicities of several organic 
phosphorus pesticides were evaluated in laboratory tests. The 
boll weevil (Anthonomus grandis Boh.) and the tumid spider 
mite (T'etranychus tumidus Banks) were used as test animals. 

Temperature and humidity variations encountered under pre- 
vailing greenhouse conditions were important factors contribut- 
ing to the loss of residual toxicity in these compounds. Phosdrin 
lost most of its residual toxicity to boll weevils and spider mites 


Studies on the effect of climatic factors on the residual 
toxicities of chlorinated hydrocarbon insecticides used in 
cotton insect control have been reported by Mistric & 
Martin (1956), Mistric & Gaines (1953, 1954), and Gaines 
& Mistric (1951, 1952). The results of these studies have 
shown that prevailing climatic conditions have an im- 
portant influence on the residual toxicities of these in- 
secticides. 

With the advent of boll weevil resistance to the chlori- 
nated hydrocarbon insecticides, more emphasis has been 
placed on the use of organic phosphorus compounds for 
cotton insect control. The present study was undertaken 
to determine the influence of certain simulated climatic 
conditions on the residual toxicities of parathion, methy] 
parathion, Guthion, malathion, and Phosdrin. Toxaphene 
dieldrin and/or endrin were employed in the boll weevil 
tests for comparison. 

MATERIALS AND Mernops.—All of the experiments 
were conducted in the laboratory at College Station, 
Texas, during 1956. Adult boll weevils, Anthonomus 
grandis Boh., were field-collected. Tumid spider mites, 
Tetranychus tumidus Banks, were reared in the laboratory 
on seedling cotton. All of the spray materials were applied 
as emulsion sprays. In the spider mite experiments the 
sprays were applied through a solid-cone nozzle mounted 
in the top of a cylindrical spray chamber. The device 
was calibrated to deliver the equivalent of 7.5 gallons of 
spray per acre at a nozzle pressure of 40 p.s.i. Seedling 
cotton plants grown in nutrient solution were treated in 
this manner and placed in bottles mounted on trays. 
Each tray containing six plants was considered a replicate. 
After the plants were treated and subjected to the desired 
simulated climatic condition, about 15 mites were trans- 
ferred to each plant. Approximately 90% of the trans- 
ferred mites were adult females. Survival records were 
made on the first, third and fifth days following release, 
and the percentage control based on third day counts was 
calculated by Abbott’s formula. 

The plants treated in the boll weevil experiments were 
passed through the spray at a speed of 5 m.p.h. by means 
of a turntable device. Two hollow-cone nozzles operating 
under a pressure of 60 p.s.i. were used to deliver the 
spray. The liquid applied at this speed and pressure was 
equivalent to a field dosage of 5 gallons per acre. 

Insecticidal dusts were applied by compressed air from 
the top of a tower 36 inches in diameter and 44 inches 


when exposed to temperatures ranging from 70° F. to 104° F., 
and relative humidities ranging from 40 to 86%. Guthion spray 
was superior to endrin or dieldrin sprays when subjected to tem- 
peratures above 100° F. before release of boll weevils on the 
plants. Guthion dust was more effective than toxaphene or 
dieldrin dusts under prerelease windy conditions at relatively 
high temperatures. Simulated rain appreciably reduced the 
residual toxicities of Guthion, methyl parathion and malathion 
sprays. 


high. Dosages were calculated in pounds of active in- 
gredient per acre. 

Potted cotton plants were used in these experiments 
and 15 weevils were released on each plant. Four plants 
infested with a total of 60 weevils constituted a replicate. 
Simulated rain was applied to the plants by a calibrated 
sprinkling device described by Gaines & Mistrie (1951). 
The simulated rain was applied over a period of 3 minutes 
at a rate of 0.5 inch of water simulating a heavy shower. 
The “rain” was applied 24 hours after the plants had been 
sprayed, except in spider mite experiment 2. Wind was 
applied to the plants by means of a 16-inch fan mounted 
vertically over a pair of superimposed plywood tables 
similar to the device described by Dustan et al. (1947). 
The plants were exposed to wind currents of 5 m.p.h. for 
24 hours. The plants exposed to high temperatures were 
treated and placed in a holding room for 24 hours before 
the weevils were released on them. The heat of the sun on 
the metal roof of the holding room raised the temperature 
to 110 to 115° F. for about 4 hours during the period of 
exposure. The light intensity ranged from 500 to 800 foot 
vandles in the enclosure, the plants being protected from 
direct sunlight. The “24-hour delay” plants used in the 
temperature tests were held in the laboratory at an 
average temperature of 85° F. and under light intensities 
of approximately 500 foot candles. The temperatures and 
relative humidities at which the “24-hour delay”’ plants 
were held in the remaining experiments are shown below 
cach table. 

After weevils were released on the plants, the the caged 
plants were held in the laboratory at an average tempera- 
ture of 85° F. for the duration of the experiment. Mor- 
tality records were taken on the first and third days fol- 
lowing release of the weevils, and an average percentage 
control based on the third day counts was calculated 
using Abbott’s formula. The per cent reduction in toxicity 
was calculated by subtracting the per cent control ob- 
tained from the 24-hour delay column from the figure in 
the immediate release column and dividing by the latter. 
The same procedure was followed for the other conditions 
using the 24-hour delay column as the standard. 

Resuuts.—Boll Weevil Experiment 1.—This experi- 

1 Contribution No. 2919, Texas Agricultural Experiment Station in coopera 
tion with Entomology Research Division, Agricultural Research Service, U.S. 


D.A. Accepted for publication April 7, 1958. 
2Now Head, Pink Bollworm Section, Entomology Research Division, 


U.S.D.A., Brownsville, Texas. 
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Table 1.—Effects of wind and rain on the residual toxicities of three organic phosphorus compounds to the boll weevil. 
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Per CENT CONTROL 





Per Cent REDUCTION IN 


Pounpbs Toxicity Dur To 
Active In- 24-Hour 24-Hour -——— ——— — 

SPRAY GREDIENT Immediate  24-Hour Delay+5 Delay+0.5” 24-Hour -+5 m.p.h. +0.5” 

TREATMENT PER ACRE Release Delay m.p.h. Wind Rain Delay Wind Rain 
Methyl! parathion 0.2 4 i 53 34 18 31 56 
Malathion 0.5 92 86 77 20 6 10 76 
Phosdrin 0.25 70 22 6 10 68 7% 55 
Toxaphene 2.0 78 79 60 59 0 24 25 








® Environmental conditions during 24-hour exposure period: Tempe 
es 
30%, 


ment was begun on September 7 and replicated on 
September 11 and 13, 1956. The object of this test was to 
determine the separate effects of wind and rain on methyl] 
parathion, malathion and Phosdrin when used as sprays 
for boll weevil control (table 1). Phosdrin lost most of its 
residual toxicity when exposed for 24 hours to tempera- 
tures ranging from 78 to 102° F. Methyl parathion and 
malathion showed greater reductions in residual toxicity 
when exposed to simulated rain than when exposed to 
wind. Malathion remained effective for weevil control 
under windy conditions. 

Boll Weevil Experiment 2.—This experiment was begun 
on August 7 and replicated on August 8, 11 and 15, 1956. 
The object of this experiment was to determine the ef- 
fects of high temperature on the residual toxicities of 
Guthion, toxaphene, dieldrin, and endrin when used as 
sprays for boll weevil control. Guthion spray was effective 
for boll weevil control under the high temperature condi- 


Table 2.—Effects of high temperatures on the residual 
toxicities of Guthion and three chlorinated hydrocarbon 
insecticides to the boll weevil. 








Per Cent Repvuction 


Per Cent ContROL IN Toxicity Dur To 


Pounps 24-Hour 24-Hour 

ActiveIn- Imme- 24-Hour Delay* 24-Hour Delay® 

SPRAY GREDIENT diate Delay 80° F.- Delay 80° F.- 

TREATMENT PER ACRE Release 85°F. 110° F. 85° F. 110° F. 
Toxaphene 2.0 61 53 46 13 25 
Dieldrin 0.25 83 67 46 19 45 
Endrin 0.125 95 86 54 9 43 
Guthion 0.04 87 85 73 2 16 


rature: Maximum 102° F., Minimum 78° F. Relative Humidity: Maximum 80%, Minimum 






tions (table 2). By comparison, endrin and dieldrin sprays 
were rendered ineffective by extended exposure to tem- 
peratures above 100° F. Toxaphene was not seriously 
affected by the high temperatures. 

Boll Weevil Experiment 3.—The object of this test was 
to determine the effect of wind on the residual toxicity 
of Guthion dust. Toxaphene and dieldrin were included in 
the test for comparison. The results of this experiment 
are shown in table 3. Guthion dust was least affected by 
windy conditions at relatively high temperatures. 

Spider Mite Experiment 1.—The object of this test was 
to determine the separate effects of a 24-hour delay in the 
greenhouse at temperatures ranging from 70° F. to 94° F., 
and relative humidities ranging from 40 to 86%, wind, 
and simulated rain on the residual toxicities of parathion, 
Guthion, and Phosdrin sprays. The results of this experi- 
ment are shown in table 4. At lower dosages, the residual 
toxicities of Guthion and Phosdrin were appreciably re- 
duced by a 24-hour exposure to the temperature and 
humidity ranges mentioned above. Wind reduced the 


Table 3.—Effect of wind on the residual toxicity of Gu- 
thion, dieldrin and toxaphene dusts to the boll weevil." 








Per Cent ContROL 
— Per Cent Repuction 
24-Hour 


Pounps iN Toxicity Dur To 
Active In-  Imme- Delay -— - : 
Dust GREDIENT diate 24-Hour +5 24-Hour 5 m.p.h. 
TREATMENT PER ACRE Release Delay m.p.h.Wind Delay Wind 
Toxaphene 2.5 69 55 41 20 25 
Dieldrin 0.25 66 31 22 53 29 
Guthion 0.06 85 80 66 6 18 





® Environmental conditions during 24-hour exposure period: Temperature: 
Maximum 110° F.-115° F. for 4 hours, Minimum 80° F. Relative humidity: 
Maximum 70%, Minimum 56%. 


midus Banks.* 





Table 4. Effects of wind and rain on the residual toxicities of three organic phosphorus compounds to Tetranychus tu- 


® Environmental conditions during 24-hour exposure period: Temperature: 
Maximum 106° F., Minimum 78° F. Relative humidity: Maximum 95%, 
Minimum 24%, 








Per Cent CONTROL 


Per Cent REDUCTION IN 


PouNbs - Toxicity Dur To 
Active IN- 24-Hour 24-Hour -———— 
SPRAY GREDIENT Immediate 24-Hour Delay+5 Delay+0.5”" 24-Hour 5 m.p.h. 

TREATMENT PER ACRE Release Delay m.p.h. Wind Rain Delay Wind 0.5” Rain 
Parathion 0.3 95 93 64 89 2 31 + 
Guthion 0.25 95 16 68 49 51 0 0 
Phosdrin 0.05 82 42 52 32 49 0 24 





Parathion 0.3 99 99 
Guthion 0.5 99 96 
Phosdrin 0.08 96 72 











8 
iE 











5 95 0 14 + 
5 48 2 1 50 
58 34 25 19 53 








40%. 


® Environmental conditions during 24-hour exposure period: Temperature: Maximum 100° F., Minimum 70° F. Relative humidity: Maximum 100%, Minimum 
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Table 5.—Effect of rain applied at different time intervals on the residual toxicities of three organic phosphorus compounds 
to Tetranychus tumidus Banks.* 


Per Cent REDUCTION IN 
Per Cent Controu Toxicity Dur To 








24-Hour Delay 24-Hour Delay 


PouNpbs 0.5” Simulated Rain Rain 1- Rain 24- 

ActIvE In- - _ Hr. After Hrs. After 
SPRAY GREDIENT Immediate 1 Hr. After 24- Hrs. After Treat- Treat- 
TREATMENT PER ACRE Release No Rain Treatment ‘Treatment No Rain ment ment 


Parathion 0.3 96 95 0 3 
Guthion 0.5 99 16 72 1 53 
Phosdrin 0.08 83 56 30 33 16 





® Environmental conditions during 24-hour exposure period: Temperature: Maximum 97° F., Minimum 74° F. Relative humidity: Maximum 90%, Minimum 
40°%. 

Table 6.—Effects of wind and rain on the residual toxicities of three organic phosphorus compounds to Tetranychus 
tumidus Banks.* 





Per Cent Controu Per Cent REDUCTION IN 
Toxicity Dug To 





PouNnps - -— 
Active IN- 24-Hour 24-Hour - 
SPRAY GREDIENT Immediate  24-Hour Delay+5 Delay+0.5” 24-Hour 5 m.p.h. 

TREATMENT PER ACRE Release Delay m.p.h. Wind Rain Delay Wind 0.5” Rain 
Parathion 0.1 74 61 77 82 18 0 ) 
Methyl parathion 0.1 35 28 43 26 20 0 
Guthion 0.125 93 86 72 38 8 16 





® Environmental conditions during 24-hour exposure period: Temperature: Maximum 84° F., Minimum 74° F. Relative humidity: Maximum 100%, Minimum 


38%. 


tive humidities ranging from 38 to 100%. The greatest loss 


residual effectiveness of parathion in this experiment. At 
in the residual toxicity of Guthion was again caused by 


a higher dosage, Phosdrin was ineffective under the 
specified conditions, and the residual toxicity of Guthion “‘rain.” 
was appreciably reduced by simulated rain. ve ea ee 
a ag ; . ; a REFERENCES CITED 
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° ° ° ° : “an , ‘ 4 » ‘ 947. The 
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Effect of Insecticides on Codling Moth Larvae 
Seeking Cocooning Quarters! 


D. W. Hamittron and Jack E. Faugy, Entomology Research Division, Agr. Res. Serv., U.S.D.A., Vincennes, Ind. 


ABSTRACT 
Tests were conducted to determine the value of spraying tree 
trunks and ground debris for the control of cocooning larvae of 
the codling moth (Carpocapsa pomonella (1..)). High percentages 
of the larvae were killed with parathion (15 WP), Guthion (15 
WP), and Diazinon (25 WP) sprays at 2 pounds per 100 gallons. 
Sevin was less effective and endrin was ineffective. 


Scraping and banding apple trees were once common 
aids to control of the codling moth (Carpocapsa pomonella 
(L.)), but these practices were discontinued after growers 
began using the highly effective DDT and DDT-phos- 
phorus insecticides in the spray programs. The recent 
failure of DDT in certain orchards and the demonstration 
that some strains are resistant to it (Hamilton 1956) made 
it desirable to give attention once again to supplementary 
measures for codling moth control. Since scraping and 
banding require a large amount of time, it is questionable 
whether they would be profitable at the present cost of 
orchard labor. The possibility of spraying tree trunks, 
scaffold limbs, and ground debris with insecticides to kill 
the mature larvae as they crawl over the area and chew 
into the bark seeking cocooning quarters was considered 
worth investigating. The methods used in such a study 
from 1955 through 1957 and the results obtained are 
summarized in this paper. 

Mernops.—In laboratory investigations three types 
of treatments were used: (1) Wide-mouth quart jars were 
dipped in suspensions or emulsions, allowed to dry, and 
mature larvae exposed to their surfaces for 1 hour; the 
larvae were then removed and allowed to cocoon and 
pupate in strawboard rolls. (2) Pieces of rough-bark apple 
limbs, 4 inches in diameter and 6 inches long, were 
sprayed in the laboratory, and when they were dry 
mature larvae were placed on the upper sawed ends so 
that they could spin up and hibernate under the bark and 
in the crevices. (3) Rolls of strawboard were dipped in 
emulsions of the insecticides and allowed to dry for 24 
hours, and mature larvae were allowed to recocoon and 
pupate in the rolls. Generally 25 larvae per replicate and 
4 replicates per treatment were used for each insecticide. 

Resutts.—The insecticides tested and the results are 
shown in table 1. Diazinon, parathion, and Guthion 
were effective in killing the larvae at the time they began 
to prepare their cocoons, Sevin (1-naphthyl-N-methy!] 
carbamate) was less effective but of some value, and 
endrin was ineffective. 

Since there was an indication that Sevin and Guthion, 
especially Sevin, were repellent to cocooning larvae, an 
experiment was set up to secure definite information on 
this point. Strips of corrugated strawboard 1 inch wide 
were dipped in suspensions of these insecticides, allowed 
to dry, and then arranged in a bell jar, 5 inches in 
diameter, along with unsprayed strips in such a manner 
that the larvae could select treated or untreated strips 
for cocooning. Twenty-five larvae were placed in each of 
four jars for each insecticide compared. Parathion was 


Table 1.—Efficiency of insecticides in killing cocooning 
codling moth larvae in laboratory tests. 








Per Cent EMERGENCE 


1957 
INSECTICIDE PER 100 GALLONS 1955 1956 Test A Test B 
Larvae exposed to dipped jars 
None (water alone) 72 61 82 
Diazinon (25 WP) 2 lbs. 1 0 
Endrin (19.5 EC) 1 to 1.5 pts. 79 68 
Parathion (15 WP) 2 lbs. 0 1 
Sevin (50 WP) 1 Ib. 
Guthion (25 WP) 1.5 lbs. 
Larvae placed on sprayed limbs 
None (water alone) 80 70 
Diazinon 
(25 EC) 1 qt. 23 
(25 WP) 2 lbs. 0 
Endrin (19.5 EC) 1 to 1.5 pts. 36 69 
Parathion (25 EC) 1 qt. 8 0 
Sevin (50 WP) 
1 Ib. - 18 
2 Ibs. 
Guthion (25 WP) 1.5 lbs. 0 
Larvae allowed to spin up in dipped strawboard 
None (water alone) 72 
Diazinon (25 EC) 1 qt. 40 
Endrin (19.5 EC) 1 pt. 78 
Parathion (25 EC) 1 qt. 24 





also included in the experiment. Table 2 shows that the 
larvae were not repelled by any of these insecticides. 

In 1957 parathion and Guthion were tested under 
orchard conditions. Apple-tree stumps, 4 feet high, were 
sprayed with these insecticides. Mature codling moth 
larvae were confined to the stumps at various intervals 
after spraying by driving metal collars (fig. 1), 2} inches 
in diameter, into the sprayed surface, and placing five 
larvae in each collar. Six stumps, randomized throughout 
the orchard, were sprayed with each insecticide, and two 
collars were placed on each stump so that 60 larvae were 
used per treatment at each interval, or 240 in all. A high- 
pressure hydraulic sprayer was used. Wettable powders 
of both insecticides, containing 15% of the respective 
active ingredients, were used at 2 pounds to 100 gallons. 
Residue samples were taken by cutting disks the same 
size as the collars from the bark of the stumps near each 


1 Accepted for publication April 7, 1958. 


Table 2.—Repellent action of insecticides on cocooning 
codling moth larvae, 1957. 





Per Cent Sprnninc Ur in Strips 


TREATMENT 


Untreated 


Treated 


Water (check) 56. 44.0 


Parathion (15 WP) 56. 43.7 
Sevin (50 WP) 19 .¢ 50.8 


. 


Guthion (25 WP) 59. 40.§ 








October 1958 


Fig. 1.—Metal collar containing codling moth larvae for ex- 
posure to sprayed bark on apple stump. Note circular areas where 
disks of bark were removed for residue analysis. 


collar. Each disk had 23.92 sq. em. of surface. The 
Averell-Norris (1948) method was used to analyze the 
parathion, and the Chemagro Corporation colorimetric 
method No. 1294 (modified) for the Guthion residue. 
Per cent control was determined by Abbott’s formula. 
The percentage of larvae remaining alive in collars on 
unsprayed stumps used as checks ranged between 83.8 


Guthion and a DDT-Endrin Mixture for 
Control of the Pink Bollworm!' 


R. L. McGarr and A. J. CHAPMAN, 
Entomology Research Division, Agr. Res. Serv., U.S.D.A2 


A field-plot experiment was conducted during 1957 in the 
Lower Rio Grande Valley to evaluate Guthion and a mixture of 
DDT and endrin applied as sprays for control of the pink boll- 
worm (Pectinophora gossypiella (Saund.)). 

The treatments and an untreated check were replicated four 
times with each replicate located in a different field. Plots ranged 
in size from 0.50 to 4.07 acres. A 6-row tricycle-type self-pro- 
pelled sprayer equipped with two cone nozzles per row was used 
to apply the emulsion sprays at the rate of 5 gallons per acre. 
Two applications were made by airplane when the fields were 
too wet for ground equipment. Most of the applications were 
made at about weekly intervals, the total number for the four 
replicates ranging from six to nine. One application in each repli- 
cate was washed off by rain within 24 hours and was repeated as 
soon as conditions permitted. Endrin was not included in the first 
two applications for two of the replicates. 

Infestation records were made in the usual manner. The initial 
counts showed an average of 5.2% of the blooms infested by pink 
bollworms just prior to the first insecticide application. From six 
to eight weekly boll inspections for the pink bollworm were made 
following the first application. During the latter part of the 
se: son the boll weevil infestation ranged from light to moderate, 
the average for one or two records for the different replicates 
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: Table 3.—Rate of breakdown and efficiency of insecticides 
in killing cocooning codling moth larvae placed on apple-tree 
trunks, 1957. 








INSECTICIDE 
ON Bark 
(ua./Sq. CM.) 


RAINFALL 
Days AFTER BETWEEN 
LARVAE SPRAYING AND 
PLACED TemPerRA- PLACEMENT OF 
ON IRE LARVAE 
TRUNKS . 


Per Cent 
CONTROL 


Parath- Guth- Parath- Guth- 
(INcuEs) ion ion ion ion 


0 0 
3 35-87 1.98 
6 55—{ 1.98 
13 33-98 2.16 
20 32-98 3.62 
34 58-95 4.67 


— 
~ 


-4 92.3 
-8 63.4 


“ay 


Seo 


57.1 49.2 
36.7 


os 
© 00 
Om Oe 





and 97.9. 

Table 3 shows the results of the field tests. Parathion 
and Guthion both killed more than 90% of the cocooning 
larvae when the stumps were first sprayed. Three-day-old 
residues of parathion killed a high percentage of the 
cocooning larvae and 13- to 20-day-old residues killed 
about half of them. The number of larvae killed by fresh 
deposits of Guthion compared favorably with the number 
killed by parathion, but their effectiveness decreased 
more rapidly. Twenty-day-old residues of Guthion killed 
a little more than one-third of the larvae exposed to them. 

Spray deposits were heavier and more persistent on 
the bark than on leaf surfaces. On the bark they de- 
creased approximately 50% during the 34-day study. 


REFERENCES CITED 
Averell, P. R., and M. V. Norris. 1948. Estimation of small 
amounts of O,0-Diethyl o,p-Nitrophenyl Thiophosphate 
Analyt. Chem. 20(6): 753-6. 
Hamilton, D. W. 1956. Resistance of the codling moth to 
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Table 1.—Average seasonal infestations and yields in 
plots treated with Guthion and DDT-endrin sprays for pink 
bollworm control in the Lower Rio Grande Valley, 1957. 





YIELD OF SEED 
COTTON PER 
AcrE (Pounps) 
of Larvae - 
per Boll Total Gain 


Pink BoLLworm 


Pounps Per Cent Number 
PER of Bolls 
ACRE Infested 


TREATMENT 
Untreated 2.07 


Guthion 0.53 24. 46 
DDT-endrin 2.0+0.52 2. 62 


800 
1458 
1840 


688 
1040 





showing 30.8% for the untreated and about half this figure for 
each of the treatments. Cotton fleahoppers caused a little damage 
in one of the untreated plots. 

The data are presented in table 1. The percentage of bolls 
infested and the number of pink bollworms per boll were con- 
siderably lower in both the treated than in the untreated plots. 
The infestation was lower in the plots treated with Guthion, but 
the yield was noticeably higher in the plots treated with DDT- 
endrin. 

Considerable loss from boll rot occurred in the untreated plots 
due to the invasion of boll rot fungi and water through the exit 
holes made by the pink bollworm. 


1 Accepted for publication July 24, 1958. 
2 In cooperation with the Texas Agricultural Experiment Station. 


























































The Effects of an Irradiated Wheat Diet on the Confused Flour 


Beetle, Granary Weevil and the Angoumois Grain Moth! 


ABSTRACT 


A series of experiments was undertaken to determine whether 
irradiated grain differed from untreated grain as a food for three 
grain infesting insects and whether the length of life cycle and 
the rate of reproduction of the insects were affected. The test 
insects were the confused flour beetle (Tribolium confusum Duv.), 
the granary weevil (Sitophilus granarius (L.)) and the Angoumois 
grain moth Sitotroga cerealella (Oliv.). 

Results of these experiments showed that there was no ap- 
parent deleterious effect on the reproduction potential of these in- 
sects when they were reared on a wheat diet irradiated at 10,000 
rep, and 100,000 rep, and 1,000,000 rep. When differences did 
exist, an increase in reproduction was evident. 


The application of cathode rays to biological materials 
in recent years has resulted in a wide variety of interest- 
ing and valuable studies. One of the most far reaching 
accomplishments is that foods may be subjected to dos- 
ages of these rays without altering the essential con- 
stituents (Goldblith et al. 1952, Hannan 1954, Nickerson 
et al. 1950, Proctor & Goldblith 1951, Trump & Van de 
Graaff 1948). 

Cathode irradiation research has shown that the prin- 
cipal insects of stored products are killed. Therefore, a 
series of experiments was undertaken to determine 
whether irradiated flour differed from untreated flour as 
a food for three grain infesting insects, and whether the 
rate of reproduction (number of filial generation per 
adult of parental generation) of three grain insects was 
affected. 

Mertuops AND MatertAts.—The test insects were the 
confused flour beetle, Tribolium confusum Duv.; the 
granary weevil, Sitophilus granarius (L.); and the An- 
goumois grain moth, Sitotroga cerealella (Oliv.). 

Ten-pound samples of hammer-milled Yorkwin wheat 
were subjected to irradiation at levels of 10,000 rep, 
100,000 rep and 1,000,000 rep (rep = roentgen-equivalent- 
physical = one roentgen) with a Van de Graaff accelerator. 
Baker (1953) found that 10,000 rep was sufficient to kill 
the granary weevil, the rice weevil, Sitophilus oryza (L.), 
the confused flour beetle, and most saw-toothed grain 
beetles, Oryzaephilus surinamensis (L.). After the wheat 
was irradiated, it was milled to a finer texture in a burr 
mill, and stored in a fiber drum at room temperature. 

The wheat was sifted through a 40-mesh sieve, and 30 
grams of the various flour samples placed in each of 
five }-pint glass jars. An unirradiated sample was used as 
a control. Twenty adult confused flour beetles, previously 
fed on non-irradiated flour, were then placed in each of 
the jars and covered with a fine mesh cloth. The jars 
were placed in a constant temperature (80 degrees F.) 
and constant humidity (70%) room. The adult beetles 
were allowed to remain in the flour for 7 days, sifted from 

the flour with a 20-mesh sieve, and destroyed. The flour 
was returned to the jars, and the jars replaced in the con- 
stant temperature and humidity room. 
When the adults began to emerge, the flour was sifted 


Ronatp HopGes and Gorpon Guyer, Department of Entomology, Michigan State University, East Lansing 





to determine the number of larvae, pupae, and adults 
present. This procedure was repeated 7 days later when 
it was found that most of the adults present were dead 
and that many of them had not transformed normally 
from the pupal stage. Possibly the sifting of the previous 
week adversely affected their transformation. 

The second generation portion of this test was set up 
in the same manner as the first except that the adults 
used were those reared from flour from the different 
treatments of the previous described experiment. The 
adults of the first generation were used to start the second 
generation of the same treatment as the one in which 
they were reared. The adults were destroyed after they 
had been counted and the second generation test started. 

The same procedure was followed in establishing the 
third generation colony. The observations on the second 
and third generation adults were the same as for the first 
generation with the exception that the flour was sifted 
only once. The design of the test with the granary weevil 
was identical with that used in the experiments with the 
confused flour beetle. 

The procedures used with the Angoumois grain moth 
were similar to those described previously, with the fol- 
lowing exception. In order to count the adult specimens, 
it was necessary to have the moths in a quiescent state. 
To accomplish this, the adult moths were placed in a 
cold room (0 degrees F.) for approximately 3 minutes and 
then counted at room temperature. The adults used to 
start the second and third generations were aspirated and 
placed in the jars for the succeeding generation. The re- 
maining specimens were killed. The adults were counted 
when they began to emerge, 7 and 14 days later. 

For each generation of each insect the total number of 
adults of a filial generation per adult of the parental gen- 
eration was determined. An analysis of variance of the 
data was made and multiple range test as described by 
Snedecor (1956) was used to indicate the significance of 
differences between the treatments. 

Resutts.—The results of this test are reported in 
table 1. The number of adults of the confused flour beetle 
in the second and third generations obtained from milled 
wheat irradiated with 10,000 rep was significantly higher 
than those obtained from jars of the other flours. 

For each of the tests the differences between means of 
generations appear large. An analysis of variance of the 
number of offspring for the three generations combined 
was carried out to determine whether there might be in- 
teractions present in the experiments. This analysis in- 
dicated that interactions were present. However, they 
are not attributable to the same source for the three tests. 

Results of these experiments show that there is no ap- 
parent deleterous effect on the reproductive potential of 
the confused flour beetle, the granary weevil, and the 
Angoumois grain moth when they are reared on a wheat 
diet irradiated at 10,000 rep, 100,000 rep, and 1,000,000 


1 Approved for publication as Journal Article No. 2240 Michigan Agricult ural 
Experiment Station. Accepted for publication April 11, 1958 
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Table 1.—The effect of irradiation of wheat flour on the 
number of insects in the filial generation per adult of parental 
generation of the confused flour beetle, granary weevil and 
the Angoumois grain moth reared on wheat flour. 








GENERATION Mean NuMBER oF INsEcTS® 


Confused flour beetle 
Ist 5.80 (105) 4.63 (104) 3.90 (10%) 
znd 5.18 (10) 3.23 (0) 3.01 (105) 
3rd 1.82 (104) 0.94(10%) 0.69 (105) 


Granary weevil 
Ist 1.78 (104) 1.28 (105) 0.95 (108) 
2nd 7.85 (104) ¥ 7.62 (105) 6.24 (0) : 
Srd 6.61 (0) 4.00 (10) 2.91 (105) 


Angoumois grain moth 
Ist 14. 45 (105) ? 11.48 (0) 10.04 (104) § . 81 (108) ; 


2nd 26.27 (10!) 25.37 (105) 23.95 (108) 20.36 (0) 
3rd 16.31 (108) 15.04 (105) 11.59 (104) 8.74 (0) 





® These values are the mean of five replications. 

>» The number in parenthesis is the rate of irradiation. 
Any two means not underscored by the same line are significantly different. 
Any two means underscored by the same line are not significantly different 


rep. Where difference did exist, an increase in reproduc- 

tion was evident. 
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Relative Toxicity and Intensity of Synergism of Mixtures of Piperonyl 


Butoxide with the cis [Isomers of Allethrin as 
House Fly Sprays' 


W. A. Gersporrr and P. G. Prquett, Entomology Research Division, Agr. Res. Serv., U.S.D.A. 


ABSTRACT 

When applied to house flies, Musca domestica L., in 10:1 pro- 
portion as space sprays on the Campbell turntable, mixtures of 
piperonyl butoxide with J/-allethrolone d-cis-chrysanthemumic 
acid ester, the d-l, l-l, and d-d esters, d-l-cis allethrin, and 
allethrin itself were, respectively, 0.842, 0.341, 0.074, 3.86, 1.55, 
and 3.12 as toxic as allethrin alone. Synergism was demonstrated 
in all mixtures. Its intensity ratio was about 2.63 at the 50% 
mortality level for those containing the /-d and d-/ esters and cis- 
allethrin, 2.17 for that containing the d-d ester, and 3.69 for that 
containing the /-l ester. The intensity ratios were one-fourth less 
at the 5% and about one-third more at the 95% mortality level. 
The synergized ester mixtures retained high knockdown value. 
Insecticidal stability of the l-d and d-d esters in 2% kerosene 
solutions during 20 months’ storage was demonstrated. 


The preparation (LaForge et al. 1956) of the four cis 
stereoisomers of allethrin, which is a mixture of esters of 
dl-allethrolone with dl-cis- and dl-trans-chrysanthemumic 
acids, made possible the completion of a study of the 
joint insecticidal action of the optically active allethrin 
isomers with a material known to synergize allethrin it- 
self. The portion of the study with the four trans isomers 
has been published (Gersdorff et al. 1957). Corroborative 
data obtained with the racemic cis and trans fractions of 
allethrin have also been reported (Gersdorff & Piquett 
1958a). The present paper describes tests with the four 
cis isomers. When a general term is required for brevity, 
the isomers and their racemic combinations will be re- 
ferred to as pyrethroids. 

\larertALs.—The samples of the four isomers used 


were those prepared and described by LaForge et al. 
(1956) and bioassayed by Gersdorff & Piquett (1958b). In 
conformity with previous work, they are designated as 
the I-d, d-l, l-l, and d-d cis isomers, the first symbol in the 
pair referring to the optical activity of the allethrolone 
component of the molecule and the second to that of the 
acid component. 

The synergist was the same technical sample of pip- 
erony! butoxide used in the previous studies. 

A sample of allethrin analyzing 93.4% by the hydro- 
genolysis method was used as the principal standard of 
comparison. As additional checks on the synergistic ef- 
fects, tests were also made with mixtures of it and of the 
cis fraction with piperony! butoxide. 

Sprays were prepared by dissolving the materials in 
refined kerosene (Deobase) and, after preliminary tests, 
diluting with the same solvent to selected concentrations. 
The sprays containing piperony! butoxide were prepared 
only in the proportion of 10 times as much synergist as 
isomer or isomeric mixture. 

KNockDOWN AND Mortauity.—These sprays were 
applied by the Campbell turntable method to house 
flies (Musca domestica L.) of the National Association of 
Insecticide and Disinfectant Manufacturers’ 1948 strain. 
The tests were made in two series, a series comprising the 
data pertaining to the same populations of flies. All 
sprays in series 1 were tested simultaneously and but once 
on each of six populations. In series two duplicate tests 
were made on each of three populations. The average age 
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of flies in each series was 2 to 3 days. The knockdown 
and mortality data are summarized in table 1. 

EvaLuation or Retative Toxicity AND INTENSITY 
or SynercisM.—To evaluate relative toxicity and in- 
tensity of synergism and to determine the precision of the 
estimates, the mortality data in series 1 were subjected to 
probit analysis (Finney 1952). Knockdown did not extend 
over a wide range for each of the mixtures as they did in 
the study with the trans isomer mixtures; therefore, the 
knockdown data could not be analyzed in similar fashion. 

Since study of the provisional regression lines for the 
piperonyl butoxide mixtures revealed no systematic de- 
parture from parallelism, a mean slope was calulated for 
them and equations were determined for lines of this 
slope. As in previous studies, the line for allethrin alone 
appeared to be of lower slope and therefore was not in- 
cluded in the generalization. Expected probits were com- 
puted from the equations, and the statistical procedure 
was followed. Analysis of chi-squares subsequent to gen- 
eralization gave no evidence of conflict with the hypoth- 
esis regarding parallelism of lines. A heterogeneity factor, 
4.431, was required in the calculation of error estimates 
for the piperonyl butoxide mixtures, but none was re- 
quired for allethrin alone. 

The final equations showing the regression of mortality, 
expressed in probits, on concentration in milligrams per 
deciliter expressed as logarithms, are given below. Those 
for the piperony! butoxide mixtures are given on two 
bases, the expression of concentration in terms of pyre- 
throid content only (with constant 1) and of pyrethroid 
equivalents (constant 2). 

In series 1 the standard error of the regression co- 
efficient for the piperony! butoxide mixtures is 0.120 and 
for allethrin alone, 0.113; in series 2 it is 0.087. 


(1) 
Series 1 

Piperony] butoxide plus— 

l-d cis ester 

d-l cis ester 

l-l cis ester 

d-d- cis ester 

cis fraction 

allethrin 
Allethrin 


Y=5.04293X —4. 5549 
=5.0423X—5.8981 — 7 
=5.0423X —8.1926 
5.0423X—1.7103 — 


— §.1695 
7.1461 
—10.5065 
.8374 
. 8378 
2.3034 


5.0423X—2.0826 — 


Y 
Y 

Yy 

Y=5.0423X—3.4491 — 
Y 

Y=3.6164X —2.0230 


Series 2 
ISX —3.0921 
ISX —0.7865 
ISX —1.5356 


l-d cis Ester 
d-d cis Ester 
Allethrin 


From these equations the median lethal concentfations 
(LC-50’s) were estimated and relative toxicities were 
calculated as the inverse ratios of the relevant pair of 
estimations on the pyrethroid equivalent basis. They 
are reported in table 2. Each pyrethroid equivalent of 
piperony! butoxide was calculated by means of the toxici- 
ties relative to allethrin of piperony] butoxide, as reported 
in the study with the trans isomers, and the pyrethroids 
(Gersdorff & Piquett 1958a and b). These equivalents 
are given in table 1. 

The ratio of the toxicity of a mixture to that of the 
pyrethroid alone will, when significantly greater than 
unity, furnish an estimate of the intensity of synergism. 
The ratios together with their standard errors are given 
in table 2. Also given are the logarithms of the intensity 
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Table 1.—Mortality and knockdown of house flies caused 
by sprays selected to study the comparative effect of piper- 
onyl butoxide in mixtures with the cis isomers of allethrin.: 








Per Cent 


Knock- 
down Mortal- 
in 25 ity in 
Minutes 1 Day 


ConcENTRATION (MG. PER Dt.) 


Pyre- 
throid 
Equiva- 


Pyre- Piperony] 4 
lent” 


throid Butoxide 


MATERIAL 

Series 1 

Piperony] butoxide plus 

cis ester 177. 1778 235.4 
118. 1185 156.9 
79. 790. 104.6 
52.67 526. 69.7 
35. 351. 46. 


- =~ 
co- 


d-l cis ester 400. 4000 
266. 2667 

177. 1778 

118.2 1185 

79. 790. 

52.6 526. 


mm Por ore 


— 


l-l cis ester 900.0 
600.0 
400.0 4000 
266.7 2667 
177. 1778 


9000 
6000 


d-d-cis ester 44. 444. 
29.68 296.% 
19.72 197. 

13. 131. 

8.778 87 


cis fraction ; 900. 
600. 
400. 
266.7 
177. 


allethrin 2.3 423. 
282. 
188. 
125.8 
83.5: 


Allethrin 


l-d cis Ester 
d-d cis Ester 


d-d cis Ester 
d-d cis Ester 44.44 
plus synergist 29.63 296.3 31. 
Allethrin 214.1 214. 
142.8 - 142.8 
95.1 95. 
63.4 63.4 
42. 36 — 42. 
28. 2 28 





® Six replicates, 112 flies each. 

> Pyrethroid equivalents of piperonyl butoxide are 0.03240 (l-d-cis ester), 
0.07681 (d-l cis ester), 0.1877 (I-l cis ester), 0.005973 (d-d cis ester), 0.01942 
(cis fraction), and 0.01060 (allethrin). 


ratios and the minimum logarithms required to demon- 
strate synergism. Since the former easily exceed the 
latter, synergism was demonstrated for all piperony! 
butoxide mixtures. 

Discussion.—The piperonyl butoxide mixtures con- 
form to the same pattern found in the study with the 
trans isomers, in that their regression lines are steeper 
than those for the pyrethroids alone, which have been 
found to be essentially parallel to that for allethrin 
(Gersdorff & Piquett 1958a, b). Therefore, the estimates 
for relative toxicity and intensity of synergism will be 
somewhat different at different mortality levels. The 
intensity ratios were estimated from LC-5’s and LC-95’s 
determined directly from the equations based on equiva- 








No. 5 


caused 
f piper- 
ethrin.* 


Mortai- 
ity in 
1 Day 








ion- 
the 
nyl 


on- 
the 
per 
en 
rin 
tes 

be 
‘he 


5S 
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Table 2.—Evaluation of the relative effects of piperonyl butoxide on ences te in mixtures with the cis isomers of allethrin. 








ReLative Tox- 
ICITY OF 


RELATIVE 


LC-50 (Ma. per D1.) 





STANDARD Mixture 


MINIMUM 


ERROR OF on Py- INTENSITY OF Loa Re- 
Allethrin ORIGINAL rethroid SYNERGISM AT QuIRED TO RANGE oF IN- 
Pyrethroid Equiv- LC-50 Equiva- L rincipal 50% Mortat- Loe or Demon- tensity Ratio 
Original Equiva- lent (PER lent “oxicant ITY INTENSITY STRATE BETWEEN 5 AND 
MATERIAL Basis® lent Basis Basis CEntT) Basis Alone» LEVEL Ratio SyNnercism 95% Levens 
Series 1 
Piperonyl butoxide plus— 
l-d cis ester 78.51+ 785.1 103.9 34.01 2.64 0.8418 0.3272 2.573 +0.084 0.4104 0.0279 1.91-3.46 
d-l cis ester 145.0 +1450 256.4 35.38 2.62 0.3413 0.1380 2.473+ 0.078 . 3932 . 0268 1.84-3.33 
7) oc aati $13.4 +4134 1189 67.16 2.65 0.07357 0.0565 1.303+0.041 1149 . 0268 0.97-1.75° 
d-d cis ester 21.42+ 214.2 22.70 40.28 2.62 3.855 1.775 2.172+0.076 . 3369 . 0299 1.61-2.92 
pay opr 47.38+ 473.8 56.58 30.88 2.68 1.546 0.5457 2.834+0.094 $524 0284 2.11-3.81 
allethrin 25. 39+ 253.9 28.08 28.08 2.67 3.116 1.0 3.116+0.108  .4936 0294 2.32-4.19 
Allethrin 50 87.50 87.50 1.60 1.0 1.0 — - - 
Series 2 
l-d cis Ester 295.0 295.0 98.81 — 0.3349 — 
58.37 58.37 98.81 - 1.693 
d-dcis Ester plus piperony! butoxide 29.63-+ 296.34 $1.40 55.75 4.229 1.775 2.383 
98.81 98.81 98.81 1.0 1.0 — - . 


Allethrin 





® For the compound expressions the first figure refers to the pyrethroid. 


Although the /-l ester is not the principal toxicant in its mixture, the figure refers to the ester. 
’ The figure 0.97 is not significantly different from 1.0; synergism is not demonstrated until the ratio reaches 1.064, which it does at the 13% mortality level. 


d ( ‘omparisons of concentrations are made at the 66.3 mortality level. 
toxicity and intensity at this level in series 1 for this mixture are, respectively, 


lents, and are also given in table 2 to indicate the approxi- 
mate range possible. The range is not very great, being 
in all cases from } to 1} the intensity at the 50°% mortal- 
ity level. 

Contrary to the finding with the trans isomers, the in- 
tensity of synergism found for the d-d cis ester is signif- 
icantly different from those found for the l-d and d-l es- 
ters and the cs fraction, which are about the same. Since 
a year had elapsed betwee the preparation of the sprays 
for evaluation of the relative toxicity of the cts isomers 
and those for this study, both from the same stock solu- 
tions (at 16 mg. per milliliter), and especially since a 
small amount of sediment had appeared in some of the 
latter, the question of their stability arose. In all previous 
work with practically pure allethrin and closely related 
synthetic pyrethroids, the small amounts of sediment 
sometimes appearing in stock Deobase solutions on stand- 
ing showed no apparent relationship to toxic stability of 
the solutions. Moreover, the d-d ester would need a 25% 
loss in toxicity to account for the difference in intensity 
of synergism. However, because of the importance of this 
question, the tests made in series 2 were planned with 
freshly prepared sprays from the two original stock solu- 
tions still available in sufficient amount 20 months after 
the first study. As may be seen in table 2, neither the /-d 
nor the d-d ester solution showed any chen in toxicity 
in this period, even the results with the mixture of the 
latter showing remarkable agreement with those in series 

The lower toxicity of the d-d ester mixture, then, cannot 
he due to lower toxicity of the sample of the isomer itself, 
and it is clearly demonstrated that the intensity of syn- 
ergism in this mixture is a little lower than in the /-d and 
d-] ester and cis fraction mixtures. The intensity ratio in 
the /-l ester mixture must therefore be a little higher than 
these three. 

However, the intensity ratio found for the /-l ester is 
apparently much too low, as will be mathematically dem- 
onstrated below. This low estimate is explainable in the 
same way as for the comparable ester in the trans series 
(Gersdorff et al. 1957): Its low toxicity causes the use of 
such high concentrations, especially of piperony! butoxide 


4.1 


The LC-66.3 for allethrin, derived from its equation, is 132.8 mg. per deciliter. The relative 
58 and 2.343. 


that strict comparability of the tests is lost. 

Because the intensities of synergism are different, it is 
not valid to equate toxicities based on pyrethroid equiv- 
alents in the proportions found for the isomers in the cis 
fraction (Gersdorff & Piquett 1958b) for comparison with 
the synergized cis fraction. However, since the intensities 
given are actually allethrin equivalents of the synergized 
mixtures and relative toxicities of the pyrethroids alone 
are also allethrin equivalents, the former may be used in 
an equation in the same proportion as the latter, as fol- 
lows: 


303) 
+0. 229(2.172) =2.163. 


271(2.573) +0.271(2.473) +0.229(1. 


Such a value for the intensity ratio for the eis fraction 
would obviously be too low; that actually found (table 2) 
is 2.834. 

To obtain an estimate for the /-/ ester mixture by de- 
duction, a similar equation was used with the actual value 
found for the cis fraction. However, the value used was 
the weighted mean (2.710) of that obtained for the in- 
tensity ratio for that fraction in this study (2.834) and 
that obtained in the previous study (2.437, Gersdorff & 
Piquett 1958a). The calculated intensity ratio for the /-1 
ester mixture was 3.690. 

It appears, then, that the position of certain atomic 
groups in the cis arrangement as compared with the trans 
has caused a decrease with the d-d form and an increase 
with the /-/ form in intensity of synergism as well as in 
relative toxicity. For the latter measurement the effects 
were about twofold (Gersdorff & Piquett 1958b), but for 
intensity of synergism they were smaller and of no prac- 
tical importance. However, future work on the chemical 
nature of the small amounts of contaminants in the samples 
could lead to a modification of these conclusions. 

To see readily how the intensity ratios for the allethrin 
and the c7s fraction mixtures obtained in this study com- 
pare with previous estimations and with those for the 
trans fraction, all estimations of 1:10 mixtures by this 
method are assembled below. In the calculation of means 
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the individual estimates are weighted according to their 


precision. 
Allethrin: 
2.63 
3.17 


Gersdorff et al. (1951) 
Gersdorff & Piquett (1955) 
3.03 and 3.04. Gersdorf et al. (1957) 

2.55 Gersdortf & Piquett (19458a) 
3.12 This paper 

2.96. Mean 


cis Fraction: 
2.44 
2.83 
ky ae 


Gersdorff & Piquett (1958a) 
This paper 


Mean 


trans Fraction: 
3.32 


2.72 


3.13.. 


Gersdorff et al. (1957) 
Gersdorff & Piquett (1958a) 
Mean 


For comparison with the actual ratios found for the 
allethrin mixtures, a calculated ratio may be obtained 
from the following equation based on the mean ratios for 
the fraction mixtures and the proportions of the fractions 
in allethrin as found by bioassay (Gersdorff & Piquett 
1958a): 

0.297(2.71) +0.703(3.13) =3.01. 
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BOOK REVIEW 


CONCENTRATED SPRAY EQUIPMENT, MIXTURES, AND APPLICATION 
Metuops. By Samue.t Freperick Ports, Dorland Books, 
Caldwell, New Jersey, xxxiii+598 pages incl. 163 figs. 1958. 
Price $12.50 in U.S.A., $13.50 elsewhere. 


Much of the information contained in this new and very useful 
book, the appearance of which has been delayed much too long, 
is based on the results of more than a quarter of a century of re- 
search by the author who was truly a pioneer in the field of con- 
centrated sprays. The impracticability of spraying large forest and 
shade trees with the conventional high-gallonage sprays led the 
author to persist in finding a better way although he was re- 
peatedly advised against continuing the project during the ear- 
lier years of his research. 

The book has an introduction (pp. 1-6) and eight chapters 
each of which, except the first, is followed by a list of the perti- 
nent literature cited. Because of space limitations this review can 
include only the titles of these chapters, with a brief description 
of their subject matter which follows: 

I.—Terminology (pp. 7-13). Definitions of terms relating 
to concentrated and dilute sprays, aerosols, smoke 
applications, and applicators. 

Fundamentals of Application (pp. 15-114). The rela- 
tion of particle size to application, distribution and de- 
posit, and discussions of all types of applications and 
applicators, including aircraft. 

Ground Spray Equipment (pp. 115-275). Detailed 
descriptions and information on all ground sprayers 
and their use on specific crops. 
Aerial equipment (pp. 276-358). 
study of all phases of aerial application including per- 
sonnel, equipment, types of application, timing, and 


regulations. 


A comprehensive 





Mixtures (359-419). Selection of mixtures, mixing 
procedures, formulas, and requisites of application for 
all insecticides, fungicides, and liquid fertilizers. 
Control of Weeds and Woody Plants (pp. 420-92). 
Herbicides and their application on horticultural crops, 
field crops, highways, and forests. 

—Aerosols (pp. 493-515). An analysis of liquefied gas 

aerosols, field-model aerosol machines, nozzle type 
machines, and aerosol generators. 
Appendix (pp. 516-94). Methods of determining par- 
ticle size of aerosols and fine sprays, the dilution of in- 
secticidal chemicals, courses of instruction, pest con- 
trol applicator examinations, and formulation specifi- 
cations. 

Much valuable material is presented in the more than 50 charts 
and line cuts which aid materially in presenting the fundamen- 
tals and potentialities of the whole subject for the use of the 
grower, forester, home owner, municipality, research worker, 
extension worker, teacher, student, and equipment and chemical 
manufacturer. An unusual amount of material for ready refer- 
ence is presented in the 101 tables. The arrangement of the 
material with most of the headings in black font gives a pleasing 
effect in a book printed on very good paper and exceptionally 
well bound. Unfortunately some of the halftones do not measure 
up to the high standard of the rest of the book but this does not 
detract from its usefulness. 

The author and publisher deserve special commendation for 
producing a very timely and useful book which will have per- 
manent value as a reference text among a wide readership not 
only because of the vast amount of new information presented 
but also because of the new ideas and suggestions for further re- 
search. 


F. W. P. 
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The program to eradicate the Mediterranean fruit fly, Ceratitis 
capitata (Wied.), from Florida requires highly efficient trapping 
methods to detect the few remaining flies. Angelica seed oil, 
which is considered the best lure, is in short supply. Two avail- 
able synthetic esters of 6 methyl cyclohexene carboxylic acid, 
the secondary butyl ester (ENT 21486, now named siglure) and 
the isopropyl ester (ENT 21478), were of necessity adopted as 
supplemental lures. Studies of the volatilization of these lures 
under summer and winter conditions in Florida led to modifica- 
tions of vaporizers and dosages for the Steiner trap that greatly 


Following discovery of the Mediterranean fruit fly, 
Ceratitis capitata (Wied.), at Miami, Florida, in April 
1956, a program to eradicate this serious pest was in- 
itiated immediately by the U.S. Department of Agricul- 
ture and the State Plant Board of Florida. This program 
involved three phases: first, delineation and destruction 
of the general infestation; second, detection and destruc- 
tion of remaining spot infestations; and third, mainte- 
nance of intensive and widespread detection operations for 
many months after finding the last fly. All three of these 
phases in the eradication program depend upon efficient 
trapping methods. 

During the last 4 months of 1957, only eight flies were 
discovered, allin Manatee County. Approximately 37,000 
traps were in operation in Florida during that period. It 
thus appears that the eradication program is nearing the 
final phase. It is also obvious that the utmost trapping 
efficiency is needed to detect any flies that may still be in 
Florida. 

The first traps used in the eradication program were the 
bell-shaped glass McPhail traps which have an invagi- 
nated, funnel-like bottom opening. These contained a 
mixture of 5° hydrolyzed yeast plus 5% ammonium 
chloride in water. This lure attracts both male and female 
fruit flies as well as numerous other insects. Within a few 
weeks the McPhail traps were converted to use the newly 
discovered angelica oil lure, reported by Steiner et al. 
(1957). Angelica oil is much easier to handle than the 
liquid yeast lure, and although it is primarily a male fly 
attractant, it attracts very few other species and is con- 
siderably more effective for detecting infestations. Steiner 
(1957-A) also designed a cheaper and more efficient 
plastic trap especially for use with angelica oil “dry” 
lure. This plastic trap, fitted with a 13-inch length of 
cotton dental roll on which was absorbed 1 ml. or less of 
angelica oil containing 3% DDVP as a killing agent, was 
the major means of detecting Mediterranean fruit fly in- 
festations during the last half of 1956. During this time 
the infested areas of the state were delineated and the 
population reduced to a few spot infestations. 

By the end of 1956, the world’s supply of angelica oil 
had been nearly exhausted and it was necessary to sub- 
stitute new synthetic lures developed by the U. S. De- 
partment of Agriculture. The first of these to become 
available in sufficient quantity for field use, was the 
isopropyl ester of 6 methyl cyclohexene carboxylic acid, 
designated ENT-21478. This was used in January and 
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improved field trapping operations. 

A 2-inch length of ?-inch diameter cotton dental roll is a 
satisfactory vaporizer for siglure. A 9-ml. dose is effective for 2 
weeks in the field. Partially wrapping this roll with aluminum 
foil permits the more volatile ENT 21478 lure to be used at a 
similar dosage. A {-inch by 2-inch cotton dental roll partially 
wrapped with foil is the preferred vaporizer for angelica oil. For 
best use of this expensive lure, adjustment of initial and renewal 
dosage is necessary to compensage for variations in volatility and 
luring power of different lots of oil. 









February 1957. In March 1957 the less volatile secondary 
butyl ester, designated ENT 21486 and now named sig- 
lure, was made available for field use and is still the prin- 
cipal lure. This is supplemented in the more critical areas 
by a limited amount of angelica oil available from the 
recent crop. It should be mentioned that angelica oil, and 
particularly the two synthetic lures, all three of which are 
markedly superior to the yeast lure, were by necessity 
rushed into field use after only limited testing. 

The lure used in the final phases of the campaign 
should attract flies from a great distance, perhaps as much 
as a quarter of a mile, and bring them not only to the 
trap but inside the trap and hold them there long enough 
to be killed by a toxicant. A high dosage of lure may at- 
tract the flies from a considerable distance, but it may also 
repel them as they approach the trap. Likewise, the con- 
centration of DDVP or other toxicant needs to be ad- 
justed to kill flies quickly once they are inside the trap, 
but not kill them when they alight on the outside. Per- 
formance of the lure is closely related to its volatility and 
this is markedly influenced by temperature, humidity, 
wind velocity, and other climatic factors, all of which 
vary considerably from day to day and as the seasons 
change. 

ProcepurE.—The Florida studies reported here were 
undertaken to learn something of the volatilization of 
lures under Florida conditions by making physical meas- 
urements and field observations. Since the Mediterra- 
nean fruit fly population in Florida after 1956 was too low 
to permit biological evaluation of traps, the lure informa- 
tion obtained in Florida was forwarded to Hawaii where 
flies are available for evaluating traps. As weather condi- 
tions in Hawaii differ from those in Florida, a better in- 
terpretation of climatic effects in the two areas could 
thus be made. It was hoped that a rate of volatilization 
for optimum attractiveness to the fruit fly might be 
determined under Hawaiian conditions and then a suit- 
able trap designed for Florida that would provide this 
optimum rate. 

Synthetic lures have considerably less attraction per 
unit volume than does angelica oil, hence more of the 
lure must be used and this requires an absorbent of larger 
capacity to hold the lure. The size, shape, and nature of 
the absorbent determine the capacity and influence the 
evaporation rate. In obtaining the data presented here, 
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plastic Steiner traps were equipped with various types of 
vaporizing units to hold and then gradually release the 
lure. Figure 1 illustrates the trap designed by Steiner for 
angelica oil and also shows several of the vaporizers de- 
vised for adapting the trap to synthétic lures. Evapora- 
tion rates were determined by applying an initial weighed 
amount of lure to the vaporizer and then weighing each 
unit at the same hour each day to determine the amount 
of lure lost. 

For comparative lure studies a standard trap exposure 
was evolved. Traps were hung near the center of a large 
shed, open on three sides, so that all received the same 
amount of breeze and shade. Comparative tests estab- 
lished that evaporation rates under the open shed expo- 
sure were similar to the rates for traps hung in citrus 
trees. Furthermore, the shed exposure provided more uni- 
form conditions for comparative testing than was obtain- 
able by hanging traps in trees. 

Several series of traps were exposed during the typical 
summer weather of 1957 (average temperature 83° F.). 
Other series were exposed during typical winter weather 
(average temperature 66° F.). One series ran through an 
unusually cold period of 3 days, December 11 to 14, 1957, 
that averaged 44° F. 

The method first suggested for using synthetic lure 
ENT 21478 in the field specified a vaporizer made from a 
6-inch length of medium thickness (3-inch diameter) cot- 
ton dental roll? formed in a ring and mounted in the cen- 
ter of the trap. A weekly application of 3 ml. of lure to the 
vaporizer was specified, based on limited trials in Hawaii. 

Resutts.—In Florida 3 ml. persisted in the trap less 
than 4 days in cool weather. A 6.5-ml. dose (6.1 grams) of 
21478, which almost saturated the ring, was nearly all 
volatilized in 3 days in summer weather (table 1). The less 
volatile lure, siglure, was found to last about twice as long 
and thus was selected as the most promising one to be 
adapted to field use. 

Because of the need for operating thousands of traps in 
Florida, many of them in areas not easily accessible, it is 
not practical to schedule an examination and redosing of 
each trap oftener than once a week. In areas believed to 
be free of the fly it is adequate and much less costly to 
service traps on a 2-week schedule. A method of keeping a 
minimum lure dosage effective throughout a 2-week 
period was an urgent need. 

Figure 2 illustrates evaporation losses of siglure when 
applied to various types of vaporizers. Curves 88-19 and 


Fic. 1.—Steiner trap fitted for angelica oil lure. Experimental 
vaporizers for adapting the trap to synthetic lures also are 
pictured. 
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Table 1.—Evaporation of synthetic lures ENT 21478 and 
siglure from cotton roll vaporizers in traps. 
AVERAGE LuRE No. Days Lues. 
Loss PER PersistTEp 
Day—Grams In Trap 








Summer Winter 


Dosace ———— oot 
Grams Summer Winter 


Lure Type or Vaporizer 


21478 3" x6" ring & 
7.0 


}” X2" unwrapped 
i” X2" foil wrapped 


Siglure }"X6" ring 


3” X2” unwrapped 6. 
9. 
iF ‘ 
10. -48 23 
10. 24" 30+ 





® Loss during an unusually cold period with average temperature 44° F, 


88-20 are typical of several comparisons demonstrating 
that lure evaporates at substantially the same rate from a 
new cotton dental roll as from one that had received 


2 Manufactured by Richmond Dental Cotton Co., Charlotte 1, N. C. 
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Fig. 2.—Evaporation loss of EN'T 21486 lure, now named siglure, 


from Richmond medium dental rolls used as described and ex- 
posed simultaneously (average temperature 83° F.). 
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Fic. 3.—Evaporation loss of siglure (ENT 31486 lure) from Rich- 
mond cotton dental roll of two types used in various ways (aver- 
age temperature 83° F.). 


previous dosings. Curve 88-21 shows that a 6-inch cotton 
roll folded and tied in a bundle gave a lower rate of evapo- 
ration than the ring form. This folded roll gave good fly 
catches in Hawaii and the longer effect obtained by a 6.5- 
ml. dose was an advantage over the ring. Curve 88-24 il- 
lustrates an even slower rate of lure loss obtained by us- 
ing a 3-inch length of 3-inch cotton roll snugly fitted as a 
wick in a 4-ml. vial. In supplementary trials various wick 
and vial combinations were employed to provide a wide 
range of evaporation rates. Reserve lure in the vials main- 
tained volatilization for as long as 30 days. 

Other means of prolonging the effective period of a lure 
dosage are shown by curves in figure 3. For example, 
curve 94-42 illustrates how wrapping a portion of the roll 
with aluminum foil retards evaporation and thereby pro- 
longs the redosing interval. An extra thick cotton roll, ?- 
inch by 2 inches in size, will volatilize lure at about the 
same rate as the 6-inch folded medium roll. With a 10-ml. 
dosing it is effective for 2 weeks. 

Figure 3 also demonstrates the pronounced effect weath- 
er changes can have on evaporation of lure. All curves 
have an abrupt change in slope after the first day. During 
the first 24 hours the temperature averaged 85° F. and 
the relative humidity was low (42% minimum), thus pro- 
viding favorable evaporating conditions. The second day 
the temperature averaged 79° F. with relative humidity 
hivher than average (60% minimum). Projecting from 
the change in slope, it is possible that a 7-ml. lure dose 
could evaporate in 6 days or last as long as 12 days should 
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hot dry spells or cool damp weather prevail. Air move- 
ment was not an important factor in the above compari- 
son. From other observations, however, it is known that 
wind influences evaporation rate as well as the dispersion 
of the vapors. 

Another way of extending a lure dosage, suggested by 
Steiner’s Hawaii trials, also was tested under Florida con- 
ditions. This involved partially wetting the cotton roll 
with a neutral nonvolatile mineral oil, such as Nujol, 
prior to adding the first dosage of lure. While this method 
prolonged the effective period of the two synthetic lures 
about 50%, it was not practical for field use owing to re- 
dosing problems. 

With the synthetic lures, Steiner (1957—B) found vola- 
tilization at the rate of 0.4 to 0.8 grams per day to be 
about the optimum range for trapping flies under a vari- 
ety of Hawaiian conditions. This range can be obtained 
by using the special ? inch by 2 inch straight cotton roll, 
previously mentioned in connection with figure 3, which 
holds up to 12 ml. of lure. Data concerning the evapora- 
tion rates with this vaporizer and with the ring, as deter- 
mined under summer and winter conditions in Florida, 
are given in table 1. With siglure a dosage can be applied 
sufficient to last 2 or 3 weeks as desired. Wrapping the 
central 15 inches of the roll with aluminum foil permits 
the more volatile 21478 lure to be used at the same dosage 
and with approximately equivalent performance. There 
appears to be no advantage, however, in using 21478 lure 
rather than siglure after supplies on hand are exhausted. 

Three of the rates shown in table 1 were calculated for 
an unusually cold spell in winter with average tempera- 
ture of 44° F. Flies would not be active during such 
weather and neither would much lure be dissipated. 

Angelica oils are quite unlike the two synthetic lures in 
evaporation characteristics. Commercial angelica seed oil 
is a complex mixture of volatile and nonvolatile constit- 
uents and its composition may vary considerably due to 
season and area of production, processing methods, and 
possibly adulteration. One lot may be exceedingly high 
in luring power while another lot may be very low. Vola- 
tility of three different lots of angelica oil is indicated by 
data in table 2. Oil I (Norda D brand) and Oil IT are from 
lots purchased in 1956. Sample IIIT was from a lot desig- 
nated MSC-5 obtained in 1957. For evaporation studies 


Table 2.—Evaporation rates of three lots of angelica seed 
oil from cotton rolls in traps. 








Per Cent or Lure VOLATILIZED 
Arter Days SHOWN 


SAMPLE DosING 
Oil I Initial 2 ml. 


Initial 2 ml. 
Second 2 ml. 


Oil I 


Initial 2 ml. 
Second 2 ml. 


Oil IIT 


Oil IIL Foil wrap 
Initial 2 ml. 
Second 2 ml. 


Third 2 ml. 
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2 ml. of oil was applied to 2-inch lengths of 3-inch diam- 
eter cotton dental roll. A substantial portion of the dose 
evaporated the first day. Slight additional losses occurred 
during the next 3 days, but after the sixth day of exposure 
further loss was extremely small. When Oil III was ap- 
plied to a foil-wrapped vaporizer, evaporation loss was 
slightly lower during the first day of exposure. It is also 
noted that a subsequent redosing 1 week later showed a 
lower initial loss and that this was even lower with the 
foil-wrapped roll. After several redosings the nonvolatile 
residues may accumulate to the point of nearly saturat- 
ing the vaporizer. 

These findings confirm the need for establishing an 
initial dosage based on the luring power of the particular 
lot of angelica oil. Subsequent redosings possibly should 
be reduced to the minimum required to reactivate or 
“freshen” the residual nonvolatiles, in order to maintain 
luring power without saturating the cotton. A 2-inch 
vaporizer with the central 1} inches wrapped with alumi- 
num foil appears to be a good vaporizer for angelica oils, 
especially for those with a high content of volatile constit- 
uents. Foil wrapping appears to aid the effectiveness of 
some lots of oil more than can be explained by evapora- 
tion rate. A correct dose is of considerable importance in 
using angelica oil because it is very expensive and the 
supply is limited. 

The toxicant, DDVP, is mixed with lures to kill flies 
after they enter the trap by giving off toxic vapors. Al- 
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though DDVP has very low volatility, the concentration 
in the mixture is too low to noticeably influence evapora- 
tion of the lure. It is used at 3% with lure dosages of 1 ml. 
or less, 0.5% in dosages of 1 to 5 ml., and 0.25% for 
higher rates. 

Conc.usions.—On the basis of data presented in part 
in this paper and additional data derived from Mr, 
Steiner’s research in Hawaii, a number of changes to im- 
prove field trapping operations have been made (Anony- 
mous 1957). In July 1957 the 3-inch by 2-inch cotton roll 
was adopted, with 5 ml. of siglure lure specified for a 
weekly dose and 9 ml. for a 2-week dose. Later, foil- 
wrapped vaporizers were adopted for angelica oil lures, 
By using the information obtained thus far, it is believed 
that field trapping operations can be maintained at an 
efficient level in Florida throughout the vear. 
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ABSTRACT 

Application of heptachlor or dieldrin in the seeding year, at 
rates of 3 to 5 pounds of actual toxicant per acre, gave effective 
protection to alfalfa stands for at least 2 years, from the attack 
of the larva of the alfalfa snout beetle, Brachyrhinus ligustici 
(L.) (Curculionidae: Coleoptera). Laboratory trials indicated 
that the egg and adult stages are more susceptible to practical 
dosages of insecticides than the late larval stage. Plant protec- 
tion, therefore, is believed to be the result of adult and egg kill 
combined, probably, with kill of newly hatched larvae. 

Granulated dieldrin applied prior to the beginning of spring 
growth produced some residue on first cutting hay. 


The alfalfa snout beetle, Brachyrhinus ligustici (L.), a 
parthenogenetic insect, has a 2-year life cycle, most of 
which is spent in the soil as a larva. It is during this stage 
that serious injury is caused to the roots of alfalfa and red 
clover. As an adult it lives only a relatively short time and 
causes comparatively little injury by its feeding on the 
foliage of alfalfa and red clover. It is during the adult 
stage that the insect is most easily treated and killed. 
Control of the adults, unfortunately, is not usually 
brought about until after the crop has been severely dam- 
aged or destroyed by the larvae. It seemed, therefore, 
that a program of larval control, or still better, of protec- 





tion of the growing crop would be highly desirable. With 
the advent of DDT and many other synthetic organic in- 
secticides, many of which were found both effective and 
practical against a number of insects destructive to for- 
age crops, the opportunity for crop protection seemed 
possible. In 1951, therefore, a series of investigations were 
initiated and directed toward that end. 

EXPERIMENTAL ProcepuRE.—The early trials were 
conducted in the laboratory at Minetto, Oswego County, 
New York. Soil which had been collected from a nearby 
alfalfa stand was sifted to remove all stones and large ag- 
gregates. It was then mixed thoroughly to the desired 
parts per million with the insecticidal dusts listed in 
table 1. These figures correspond approximately to 
pounds per acre, assuming that 1 acre of soil taken to a 
depth of 3 inches weighs a million pounds. Each lot of 
treated soil was placed in five }-pint jars; 5 field-collected 
late instar larvae were transferred to each container to- 


1 Accepted for publication April 17, 1958. 
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Table 1.—Mortality of late instar alfalfa snout beetle 
larvae in the laboratory after subjection to insecticidal dusts 
mixed with soil. 1951. 
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Table 2.—Mortality of late instar alfalfa snout beetle 
larvae in the laboratory after subjection to insecticidal dusts 
mixed with soil. 1951. 








Tota No. Larvae (oF 25) 
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seemed 
ns were 
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lot of 
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he De- 
dgw ay, 
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y; and 


ACTUAL ALIVE Arrer (WEEKs) 
InsEctI- ‘TOXICANT 2. $$ 
CIDE (P.P.M.) 1 2 3 4 
Trial 1 

Aldrin 1 25 24 gs 4 
5 23 20 18 1 
10 25 22 21 0 
BHC ly 25 25 25 0 
54 23 23 18 0 
10+ Q3 ry 17 0 
Dieldrin 1 25 25 25 7 
5 23 23 23 8 
10 25 25 23 3 
Dilan 1 2 24 24 1 
5 25 24 24 0 
10 24 24 23 0 
Heptachlor 1 24 24 Q4 8 
5 25 23 21 3 
10 23 20 17 5 
Lindane 1 25 25 20 0 
5 24 23 22 0 
10 21 18 3 0 
Parathion l 24 22 20 1 
5 19 11 9 1 
10 21 15 10 1 
Toxaphene 1 24 24 24 7 
5 24 23 23 9 

10 23 2 21 
Untreated _ 23 23 20 2 
24 24 20 3 
23 22 14 

Trial 2 

Dieldrin 15 21 21 16 10 
25 23 21 21 19 
35 21 15 13 11 
Lindane 15 20 17 14 11 
25 19 16 14 6 
35 22 22 21 8 

Parathion 15 18 14 Q 
25 17 13 Q ) 
35 20 6 + 2 
Untreated — 23 21 20 18 
19 17 15 14 
20 17 15 13 





gether with sections of alfalfa root for food. All jars were 
covered with perforated metal lids and stored in the lab- 
oratory rearing cellar where temperatures ranged from 
54 to 63° F. during the test period. At 1, 2, 4, and 8 weeks 
after treatment, each jar was examined for living larvae 
and the food replaced (trial 1, table 1). 

In somewhat similar experiments, dieldrin, lindane, 
and parathion dusts were mixed with sufficient soil to 
make up concentrations of 15, 25, and 35 p.p.m. After 
placing five larvae in each container, counts of living 
larvae were made at the intervals mentioned previously 


Tora No. Larvak (or 25) 


AcTUAL ALIVE AFTER (WEEKs) 
Insecti- Toxicant) ————————___—_______ 

CIDE (P.P.M.) 1 Q 3 + 6 8 12 
Endrin 5 24 24 23 22 20 18 16 
10 24 2 18 16 13 9 8 

[sodrin 1 20 19 19 14 18 10 «10 
5 1 13 = #10 9 7 5 5 

10 11 5 3 1 1 1 1 

Untreated te. te. SS 1S 9 9 8 





(trial 2, table 1). Endrin, at concentrations of 5 and 10 
p.p-m. and isodrin, at 1, 5, and 10 p.p.m. were handled in 
the same manner and larval mortality counts were made 
periodically for 12 weeks (table 2). 

Together with larval mortality studies, it was consid- 
ered worthwhile to investigate in the laboratory the 
toxicity of several insecticides to the eggs and adults of 
the alfalfa snout beetle. Eggs less than 1 week old were 
treated with different insecticides (table 3) made up as 
1% emulsions. Seventy-five eggs received each treat- 
ment, after which they were stored in the rearing cellar 
and examined at weekly intervals. 

Five field-collected adult beetles were placed in each of 
five glass jars containing soil mixed with various insecti- 
cidal dusts to make concentrations ranging from 15 to 30 
p.p.m. of toxicant. Periodically for 12 weeks, each con- 
tainer was examined and the number of dead, living, and 
moribund beetles recorded (table 4). 

Preliminary field experiments were conducted concur- 
rently with laboratory trials. Aldrin, dieldrin, and hepta- 
chlor were applied as dusts at rates of 20, 40, and 50 
pounds per acre of toxicant to an alfalfa stand in its seed- 
ing year. Application was made with a hand-operated 
fertilizer distributer. During the fall of the year following 
application, the plots, all of which were 1/100-acre in 
size, were sampled by examining soil from three 1-square- 
foot holes dug to a depth of 16 inches. Sampling areas 
were selected at random, but each specific sample area 
contained at least one alfalfa plant. All soil removed in 
sampling was hand sorted to determine the number of 
larvae present. Plant persistence data were obtained at 
the same time by counting the number of living plants 
found in five 1-square-foot areas selected at random in 
-ach plot (table 5). 

Using granulated formulations of aldrin and dieldrin, 
an experiment having a randomized complete block de- 


Table 3.—Ovicidal action of several insecticides against 
the alfalfa snout beetle in the laboratory. 1951. 








PERCENTAGE Hatcu 


INSECTICIDE, AS 1% 3 
in 5 WEEKS 


EMULSION 


Chlordane 55 
Dieldrin 53 
Heptachlor 19 
Parathion 5 
Untreated 83 
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cidal dusts mixed with soil. 1951. 
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Table 4.—Toxicity of several insecticides to adults of the alfalfa snout beetle in the laboratory after subjection to insecti- 













ACTUAL l Q 
‘TOXICANT 
INSECTICIDE (P.P.M.) DL a a Be D 
Isodrin 15 0 1 24 2 0 2 10 
25 l 1 @& 3 0 2 5 
35 1 0 2 0 21 9 
Lindane 35 0 0 6 0 19 10 
Parathion 35 8s 0 17 21 0 4 21 
Untreated 0 25 0 QO 25 0 0 


Torat NUMBER OF ADULTS (OF 


25) Arrer (WEEKs) 


4 6 8 12 
L M DL M D LM D LM 
0 15 4 0 11 a4 0 | 25 0 0 
0 20 6 0 19 ae aa oo 2. @ 
0 16 14 O 11 3s 0 © 

0 15 10 O 15 25 0 0 

O 4 25 0 9 

25 0 0 2 0 0 2 0 0 26 a 









® 1), dead; L, living; M, moribund. 


Table 5.—Larval and plant persistence counts made in 
plots treated with high dosages of several insecticides ap- 
plied as dusts. Belleville, Jefferson County, N. Y., 1951-52. 


Table 6.—Effectiveness of granulated aldrin and dieldrin 
against the alfalfa snout beetle. Minetto, Oswego County, 
N. Y., 1953-54. 


























Totat NUMBER OF 


AcTUAL = 
TOXICANT Larvae/6 Plants/10 

Insecticipe*  (Lss./A.) oq, tt.° Sq. Ft. 
Aldrin 20 0 10 

10 1 31 

50 0 " 
Dieldrin 20 0 2] 

40 0 23 

50 0 23 
Heptachlor 20 0 8 

1) 0 29 

50 0 40 
Untreated A 19 1 

B 14 9 

& 118 6 





® Applied June 25, 1951. 
b Sampled October 22, 1952. 


sign was initiated at Minetto, N. Y. Application was made 
with the machinery described previously. Each treatment 
was replicated four times on 1/200-acre plots. Sampling 
was conducted the following fall in the manner previously 
decribed by examining soil removed from four 1-square- 
foot holes dug in each plot and recording the number of 
larvae found (table 6). 

Granulated aldrin, dieldrin, and heptachlor were ap- 
plied at rates of 3 and 5 pounds per acre to plots 1/200- 
acre in size located in St. Lawrence, N. Y. The randomized 
complete block design was employed with eight replica- 


INSECTICIDE® 


. ° - Ce Un- 
Aldrin Dieldrin TREATED 
Actual toxicant, Ibs./A. : 5 10 5 10 
Average no. larvae/sq. ft.” 0.3 0.3 0.1 0.2 1.3 





* Applied October 10, 1953. 
> Sampled October 13, 1954. Any two means underscored by the same line aer 
not significantly different at the 5% level. 


tions of each treatment. Four 1-square-foot areas in each 
plot were sampled during the fall of the year following ap- 
plication, using the procedures described earlier (table 7). 
Granulated dieldrin was applied at rates of 1, 3, and 5 
pounds per acre to plots 1 acre in size located throughout 
the entire infested area in New York. The randomized 
complete block design was used with 11 replications of 
ach treatment. In most cases, no more than one repli- 
sate was situated on a single farm. Application was made 
to both new and old stands of alfalfa and red clover using 
hand-operated, centrifugal action seeders. During Octo- 
ber and November, 1957, seven of the 11 replicates were 
sampled in a manner similar to that described earlier, by 
digging two 1-square-foot holes in each plot quadrant. 
The number of larvae found are shown in table 8. In addi- 
tion, foliage samples were taken from nine replicates im- 
mediately prior to the first hay harvest and from five 
replicates during the late fall. These were analyzed by 
bioassay to determine the quantity of insecticidal residue 
present (table 9). 
The analysis of variance together with Duncan’s 
multiple range test were used in cases where data were 
treated statistically. The 5% level of significance was 


Table 7.—Alfalfa snout beetle larval counts in plots treated with granulated aldrin, dieldrin, and heptachlor. St. 





Lawrence, Jefferson County, N. Y., 1956-57. 










INSECTICIDE* 


Aldrin 


Dieldrin  Heptachlor Heptachlor — Dieldrin Aldrin UNTREATED 
Actual toxicant, Ibs./A. 5.0 5. 3.0 3.0 5.0 30 
Average no. larvae/sq. ft.” 0.0 <0.1 0.1 0.3 0.2 1.8 2.6 

















® Applied June 11, 1956. 
b Sampled November 20 and 29, 1957. Any two means underscored by 


the same line are not significantly different at the 5% level 
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Table 8.—Effectiveness of granulated dieldrin against the 
alfalfa snout beetle. Jefferson and Oswego Counties, N. Y., 


1957. 
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Table 9.—External foliage residues as determined by 
bioassay,* on first cutting alfalfa after treatment" with granu- 
lated 10% dieldrin at three rates of application. 1957. 








INSEcTICIDE® 


cpiliainadaniedl slaienleelcteatiads . stance Un- 
Dieldrin TREATED 
Actual toxicant, Ibs./A. 1.0 3.0 5.0 
Average no. larvae/sq. ft> 0.4 <0.1 _ <0.1 1.2 





® Applied March 21, 22, and 23, 1957. 
b Sampled October 27, November 7, 9, and 14, 1957. Any two means under- 
scored by the same line are not significantly different at the 5% level. 


arbitrarily decided upon to detect differences between the 
means. 

Resuuts AND Discussion.—It is evident from tables 1 
and 2 that very few of the insecticides exerted more than 
slight toxicity upon late instar larvae. Parathion, isodrin, 
and lindane gave some mortality at the higher dosages 
used. It can be concluded, then, that under the condi- 
tions of these experiments, late instar larvae are difficult 
to kill with practical levels of the insecticides used. 

The action of parathion as an ovicide was outstanding 
(table 3). Heptachlor was nearly as effective. 

As may be seen in table 4, treatments applied for larval 
control may be more effective against the adults, which 
must pass through the treated layer of soil to oviposit. All 
the insecticides used affected the adults in 1 week or less. 

On the basis of these laboratory trials, reductions in 
larval populations observed in the field after the applica- 
tion of insecticides are believed to be largely the result of 
adult and egg kill. The very young larvae, it is believed, 
are also killed easily by insecticides. Mortality tests have 
been conducted in the laboratory in this regard, but the 
results remain inconclusive owing to the difficulty in 
handling young larvae. 

In the field trials aldrin, dieldrin, and heptachlor dusts 
at rates of 20, 40, or 50 pounds per acre gave virtually 
complete control of the alfalfa snout beetle. Plant persist- 
ence counts indicated that on the average, four times as 
many alfalfa plants remained where any insecticide had 
been applied as compared with the untreated plots (table 


RESIDUE IN P.P.M. (CORRECTED FOR CHECK) 
REPLICATE — nd a ASS 





NUMBER 1.0 3.0 5.0 
1 0.716 0.008 1.056 
2 O80 988 .392 
3 . 264 .276 .188 
4 . 236 .108 .092 
5 024 .344 .392 
6 . 268 . 244 is 
7 .000 292 056 
8 .344 . 204 .332 
9 .308 .316 . 268 
Mean .248 306 .320 





® Bioassays conducted by using Drosophila melanogaster Meig. 

> Treated March 21, 22, and 23. Samples taken June 7, by collecting foliage 
from 10 to 20 locations in each plot and subsampling to 250 grams for extrac- 
tion in hexane, 


5). A reduction of aldrin and dieldrin to 5 and 10 pounds 
per acre gave effective, though not complete control 
(table 6). Using granulated formulations of aldrin, diel- 
drin, and heptachlor at even lower dosages it was found 
that dieldrin and heptachlor gave effective control when 
applied at rates as low as 3 pounds per acre (tables 7 and 
8). The control obtained with aldrin, while quite effective 
at 5 pounds per acre, was poor when applied at a rate of 3 
pounds per acre. Similarly, dieldrin at 1 pound per acre 
resulted in poor control. 

Where granulated dieldrin was applied at 1, 3 or 5 
pounds per acre prior to any growth in the spring, detect- 
able residues were found at the time of first cutting (table 
9). Regardless of initial dosage, all residues at this time 
were of approximately similar magnitude. When addi- 
tional second cutting hay samples were taken in the fall 
no residues were found. Since dieldrin is not known to be 
translocated in plants, it is believed that the residues 
which occurred were the result of splash of treated soil 
onto the growing plants. 


NOTICE TO NON-MEMBER SUBSCRIBERS . 


Beginning in 1959, subscriptions to the JouRNAL oF Economic ENromMo.oey and to the ANNALS 
OF THE ENTOMOLOGICAL SOCIETY OF AMERICA will be $15.00 each per year, domestic; $15.60 each 
per vear, foreign. A single order for both publications, if sent to the same address, may be obtained 
at a COMBINATION PRICE of $27.00 per year, domestic; $28.20 foreign. 
















































Attractants for the Walnut Husk Fly! 


M. M. Barnes, University of California Citrus Experiment Station, Riverside, and H. 'T. Osporn, 
Bureau of Entomology, California State Department ol Agriculture, Sacramento* 


ABSTRACT 


The initial and continuing effectiveness of a sticky trap 
baited with powdered ammonium carbonate as an attractant for 
the walnut husk fly, Rhagoletis completa Cresson, was studied in 
comparison with that of a standard glycine-sodium hydroxide 
bait solution. The characteristics of the ammonium carbonate 
trap were determined for the purpose of optimum use in surveys 
of the distribution of this species, for which this trap proved to 
be well suited. Among other ammonia-producing salts studied 
was diammonium azelate, which was initially more effective than 
ammonium carbonate but declined rapidly. Diammonium suc- 
cinate was only slightly less effective than ammonium carbonate. 
Of other types of dry traps baited with ammonium carbonate, a 


The walnut husk fly, Rhagoletis completa Cresson, was 
found in southern California in 1926. This insect gradu- 
ally spread from the original infested area in San Ber- 
nardino County, and by 1954 it was known to be present 
in most of the walnut-producing areas of Ventura, Los 
Angeles, Orange, Riverside, San Bernardino, and San 
Diego Counties, all in southern California. In late 1954, 
an infestation of walnut husk fly was found in northern 
California, in Sonoma County, and in 1955, surveys were 
begun by state and county officials to determine the dis- 
tribution of this insect throughout the walnut-producing 
areas of the state and to provide guidance concerning 
measures designed to restrict its further spread. 

For this survey, a glycine-sodium hydroxide bait solu- 
tion (Boyce & Bartlett 1941) was relied upon to a great 
extent during the first season (Armitage 1956). Bait pans 
require frequent replenishing with water, however, and 
for extensive surveys eventually employing thousands of 
traps, it was therefore desirable to study the utility of dry 
traps. An ammonium carbonate trap based on a type de- 
vised by Hodson (1948) for apple maggot flies and further 
developed and used by Frick (1952) for cherry fruit fly, 
was well suited for initial trial. 

The following studies were undertaken to provide in- 
formation on certain characteristics of ammonium car- 
bonate in attracting walnut husk flies, e.g., initial and con- 
tinuing effectiveness and efficiency in comparison with 
that of the standard glycine-sodium hydroxide solution. 
Results with various types of traps baited with ammo- 
nium carbonate were compared. Other compounds that re- 
lease ammonia were compared with ammonium carbo- 
nate. In addition, studies were made of the response of 
walnut husk flies to materials attracting males of other 
species of fruit flies. 

MATERIALS AND Metuops.—The standard sticky trap 
consisted of a waxed cardboard, plastic-lined, quart- 
sized frozen-food carton,’ 4} inches in diameter and 4} 
inches deep. The bottom of the carton was perforated by 
use of a templet of nails 1 mm. in diameter (Frick 1952). 
The inside of the carton was covered with a thin layer of 
sticky material.‘ The ammonium carbonate or other at- 
tractant was placed in the carton cover, which was then 
fitted over the perforated bottom. A wire looped around 
the carton (see fig. 1) served to suspend it in the tree, 

open end down. 
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sticky trap consisting of a waxed and plastic-lined cardboard 
tube hung horizontally proved to be twice as effective as the 
standard sticky trap. A plastic horizontal fruit-fly trap was not 
effective when similarly baited with ammonium carbonate, 
When used as attractants in the standard sticky trap, the fol- 
lowing materials, in decreasing order of effectiveness with re- 
spect to total catch, attracted predominantly male walnut husk 
flies: oil of angelica seed, 97% males; sec-butyl 6-methyl 3- 
cyclohexene-1l-carboxylate, 80%; anisyl acetone, 74%; and 
methyl eugenol, 90%. The last two compounds were but weakly 
attractive. 


The water solution of glycine and sodium hydroxide 
used as the standard liquid bait in these studies character- 
istically increases rapidly in attractant value over a pe- 
riod of 2 weeks, then maintains a steady attractant value 
for walnut husk flies over a period of 2 to 8 weeks and pos- 
sibly longer, with the addition of enough water to replace 
evaporative loss only (Barnes & Ortega 1958). 

AMMONIUM CARBONATE GLycINE-Sopium Hy- 
DROXIDE.—In the initial trial, the effectiveness of the 
sticky trap baited with ammonium carbonate in a rela- 
tively light fly population was compared with that of the 
standard glycine-sodium hydroxide bait solution (table 1). 
Results indicated that over a 19-day period a single am- 
monium carbonate trap was about 25% as effective in at- 
tracting and trapping husk flies as a bait pan containing 
2.25% glycine and 3% sodium hydroxide in water. Under 
the conditions of the trial, the ammonium carbonate- 
baited trap tended to lose attractive power after about 10 
days. The mean daily temperature during this period was 
79° F., with daily maxima ranging from 94° to 102°. 

The sticky trap itself is not attractive. A comparison, 
with seven replications, between standard sticky traps 
carrying 1 ounce of ammonium carbonate per trap and 
uncharged traps gave catches of 434 and 22 flies, re- 
spectively, over a period of 18 days. 

A second trial was conducted to compare the effective- 
ness of ammonium carbonate-baited sticky traps with 
that of bait pans, and to study the effect of greatly in- 
creasing the charge of ammonium carbonate. Results of 
this trial, using five replications, are shown in table 2. 
Under the conditions of this trial, the ammonium carbo- 
nate sticky trap was about 40% as effective in attracting 
and trapping flies as the fresh glycine-NaOH solution. 
Whether charged with 10 gm. or 40 gm. of ammonium 
-arbonate, the traps caught equal numbers of flies and de- 
creased similarly in strength of attraction. Catches in the 
glycine-NaOH bait demonstrated increase in attractive 
power, as previously noted. 

Though initially very effective, the ammonium carbo- 


Vs. 


1 Paper No. 1041, University of California Citrus Experiment Station, River- 
side. Accepted for publication April 18, 1958. 

2 Able assistance in carrying out these studies was provided by H. R. Moffitt, 
Senior Laboratory Technician, Citrus Experiment Station, Riverside. 

3 Sealright, Alservis. 

4 Stickem Special; Michel and Pelton, Emeryville, Calif. 
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Fig. 1.—Carton sticky trap with wire hanger. 


_ Table 1.—Results with sticky traps baited with ammonium carbonate compared with glycine-sodium hydroxide solution 
in pans as lures for walnut husk flies. Riverside, California, 1955. 
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nate traps lost attractive power rather rapidly under pre- 
vailing conditions. Temperatures averaged 87° F. during 
the trial, with a mean daily maximum temperature of 
104° F. In comparisons shown in table 3, which represents 
an extension of the trial reported in table 2 for a 16-day 
period, the number of ammonium carbonate traps failing 
to catch any walnut husk flies reached a high proportion 
after 10 days, even in a relatively heavy walnut husk fly 
population. 

However, if properly used, the ammonium carbonate 
sticky trap can be relied upon as a most effective trap for 
surveying the distribution of the walnut husk fly. Al- 
though the ammonium carbonate trap is but 25% to 40% 
as effective as a bait pan over a period of 10 or 20 days, 
four times as many sticky traps as bait pans are much 
more readily prepared, installed, and serviced. Also, for 
the first 5 days the ammonium carbonate trap as com- 
pared with the fresh bait solution caught 70(79) and 
341(223) flies, respectively, showing equal to superior at- 
traction during this initial period (data from tables 1 and 
2). Because of a characteristic of rapidly waning attrac- 
tive power, maximum effectiveness from a single installa- 
tion of a line of traps for detecting the presence of walnut 
husk flies would follow by installing these in the field 
when husk fly populations, if present, would normally be 
at a peak. This would be during the period from August 
15 to September 15. If installed sooner for seasonal sur- 
vey, the traps should be recharged with ammonium car- 
bonate about every 2 weeks. 

Since ammonium carbonate sticky traps are subject to 
loss of attractive power, they are less suitable for detect- 
ing time of first walnut husk fly emergence than the traps 
filled with glycine-sodium hydroxide solution. 

Of flies caught with ammonium carbonate-baited sticky 
traps in four orchards, 57% were females, out of a total of 
3,030 collected during the period from August 16 to ' 
October 17, 1957. The sex ratio of this species is 50/50, ; 
and the sex ratio of the catch with the ammonium carbo- 
nate sticky traps suggests that the sexes are attracted to 
these traps in approximately the same degree. The slight 
predominance of females may be related to a sex differ- 
ence in trap entanglement. Male flies occasionally have 
been observed to escape the trap after partial entangle- 
ment. 

The sticky trap baited with powdered ammonium 
carbonate is currently in extensive use for walnut husk 
fly surveys by state and county officials. In 1957 ap- 
proximately 10,000 of these traps were used for this pur- 
pose. 










































































ATTRACTANT 


Glycine 2.25%, NaOH 3%, in water Pan” 


(NH,)2CO; (powdered), 10 g. 





NuMBER OF F.iiEes TRAPPED" 








August 
3 5 8 10 if 16 Total 
37 77 145 29 56 47 433 
53 4 23 1 0 3 101 









Five replications established July 28 and rotated five times in a relatively light population in a Placentia walnut orchard. 


> One-quart, grey-enameled pudding pan. 


° Standard waxed-cardboard frozen-food carton, 4} inches in diameter and 4} inches deep. 
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Table 2.—Results with ammonia-producing compounds in sticky traps (cartons) compared with those with glycine-sodium 





NH; Vapor 


ATTRACTANT Ma./Liter? 
10 gm. 
40 gm. 
10 gm. 
10 gm. 
10 gm. 
10 gm. 


1 qt. 


Ammonium carbonate 

Ammonium carbonate 

Diammonium azelate 

Diammonium succinate 
Diammonium adipate 

Diammonium malonate 

Glycine 2.25%, NaOH 3%, in water 


hydroxide solution in pans as attractants for walnut husk flies in a Simm’s peach orchard at Ontario, California, 1955.* 


AMOUNT OF 
CONCENTRATION ATTRACTANT 
PER TRAP 


NuMBER OF FLIES TRAPPED ON 
September 


2 5 6 


9 Total 


62 162 35 18 380 
7 136 - 47 4 2 406 
142 130 23 7 386 
50 66 18 15 5 224 
18 16 6 8 59 
16 14 10 0 2 45 
34 23 38 80 ‘ 5 261 1008 





® Five replications established Sept. 1. Data for the 8-day period (Sept. 2 to 9) show essential results from an observation period of 20 days. 
b Ammonia vapor over dry ammonium salt in mg./I. at 25° C. (Gunther et al. 1958). 


OrneR AMMONIA GENERATORS.—Four diammonium 
salts® were selected for trial, representing a wide range of 
rates of release of ammonia at normal temperatures. Re- 
sults with these salts were compared with results with 
ammonium carbonate in sticky traps. It appears that the 
effectiveness of these dry diammonium salts as attract- 
ants correlates well with concentrations of ammonia re- 
sulting in air-vapor mixtures in equilibrium with the dry 
salts, as determined in a study of ammonia generators by 
Gunther et al. (1958). The salt with the highest ammonia 
vapor value (diammonium azelate, table 2) gave much 
the highest initial catch but lost its attractive value some- 
what more rapidly than ammonium carbonate. Diam- 
monium succinate was slightly less effective initially, but 
its performance was otherwise quite comparable with that 
of ammonium carbonate. The azelate and the succinate 
were followed in effectiveness by the adipate and malo- 
nate in apparent correlation with their ammonia vapor 
values (table 2). Among these salts and other ammonia 
generators described by Gunther et al (1958), there may 
be found sources of ammonia varying widely in intensity, 
duration, and response to temperature and humidity. 

It is noted that some of these ammonium salts (am- 
monium carbonate and diammonium azelate in particu- 
lar), are rather powerful emitters of ammonia. Even so, 
the concentration of ammonia attained at the trap orifice 
apparently does not repel the flies. This suggests that 
more powerful ammonia sources might perform even 
better with this species. In this connection it is noted that 
the glycine-NaOH solution eventually develops an at- 
tractive power apparently far exceeding the high initial 
value of ammonia-emitting compounds installed in the 
dry traps. The salts produce quantities of ammonia 
offensive to the human nose; yet it is not possible for the 
human nose to detect ammonia coming from the glycine- 
NaOH solution, whether installed in the field or aged and 
bottled. Ammonia is presumably produced by the gly- 
cine-sodium hydroxide solution, but there is no proof that 
ammonia is the only attractant. Water alone attracts but 
few flies (Barnes & Ortega 1958). There is a discrepancy 
between the performance of the sticky traps which pro- 
duce large amounts of ammonia only during their most 
attractive period (e.g., those charged with diammonium 
azelate), and which fade rapidly in attractiveness though 
still producing ammonia in quantities detectable by the 
human nose, and the performance of the glycine lure 


which eventually attains much higher attractive value 
yet produces far less ammonia. Improvement of the gly- 
cine-NaOH lure occurs with aging in the absence of husk 
flies (Barnes & Ortega 1958) and this eliminates husk-fly 
contamination as a possible sole factor. 

Orner Traps.—It was desirable to give trial to a plas- 
tic fruit-fly trap developed by Steiner (1957). Extensive 
surveys by California state and county officials are under 
way to detect the possible presence of other species of 
fruit flies, notably the Mediterranean fruit fly, oriental 
fruit fly, melon fruit fly, and Mexican fruit fly, in Califor- 
nia, or their introduction into California. If the plastic 
trap used in detection work for all but Mexican fruit fly 
could be used for walnut husk fly, it might be possible to 
combine several attractants in one trap and to survey for 
walnut husk fly at the same time as for other fruit fly spe- 
cies. The plastic trap was baited with 1 ounce of ammo- 
nium carbonate in a perforated sack of plastic sheeting, 
with DDVP on the trap wick as a killing agent. In a com- 
parison using 10 replications, the plastic traps caught a 
total of only four flies over a 3-day period, whereas hori- 
zontal cardboard sticky traps having a larger orifice and 
baited with ammonium carbonate in the same manner 
caught 99 flies (table 4). 

Various modifications of the standard sticky carton 
were tried, all baited with ammonium carbonate. The 


5 Kindly supplied by Dr. F. A. Gunther. 
Table 3.—Number of traps (out of 5) catching no walnut 


husk flies on the indicated day after installation in a high 
adult population in a Simm’s peach orchard, Ontario, Cali- 





NUMBER OF TRAPS 
Witnout Fires 

16th 

Day 


Ist 10th 
Day Day 


14th 
ATTRACTANT Day 
Ammonium carbonate, 10 

gm. (in carton) 
Ammonium carbonate, 40 

gm. (in carton) 
Glycine 2.25%, NaOH 3% 

in water, 1 qt. (in pan) 





® Traps installed Sept. 1, 1955, and checked daily thereafter. Recorded data 
(selected to show trend) are for the day indicated and are consistent wit! data 


for intermediate days. 
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Table 4.—Effectiveness of different traps baited with 
ammonium carbonate and installed in a light walnut husk 
fly population in a Simm’s peach orchard, Ontario, California, 


1957." 








CuMULATIVE TotTaL Num- 
BER OF FLies TRAPPED 
Arter (Days) 


LOCATION OF 
(NH4)2CO; 
(1 OuNcE 
PER TRAP) 


Type or Trap 3 7 12 38 
Standard carton 
Standard carton 
Horizontal tube® 
Plastic trap® 


In carton cap 30 62 119 141 
In plastic sack 11 — —_- — 
In plastic sack® 99 165 271 3094 
In plastic sack 4 — _- — 








® Ten replications established Aug. 16, with one trap in every fourth tree in 
every four’. row, rotated each day for first three days only. 

b Plast’c sack made of 0.003 polyethylene sheeting is hung in top center of 
eartor. craps and placed inside plastic traps. Sacks are perforated by means of a 
templet of wire nails 1 mm. in diameter, after filling, and are stored in closed 
containers prior to use. 

© Cardboard tube of the same diameter as the standard carton (4} inches), 
but twice as long and lined with standard sticky material. 

J A ¢ test of 12-day data (catch per trap per day) shows that this trap is 
significantly more efficient than trap No. 1 at odds of 36:1. 

® After Steiner (1957) with 0.15 ce. DDVP on trap wick as killing agent. 


horizontal trap referred to above consisted of a card- 
board tube of the same diameter as the standard sticky 
trap but twice as long, open at each end, and lined with 
sticky material. For convenience in handling, these tubes 
may be capped at each end with carton tops. The per- 
forated plastic sack containing the ammonium carbonate 
for this horizontal trap is readily installed and hung from 
a cork or other closure through a hole in the top center of 
the trap. This horizontal trap caught more than twice as 
many flies as the standard inverted trap in a 38-day com- 
parison using 10 replications (table 4). A trap made from 
a single standard carton with open ends, hung horizon- 
tally, and baited with powdered ammonium carbonate in a 
plastic sack, as described above, in nine replicates run in a 
light fly population for 32 days, caught a total of 128 
flies, as compared with 187 flies in the tube trap previ- 
ously noted, which was similar in all respects except that 
it was twice as long. This difference is not significant and 
is related to a large difference in only one replicate, sug- 
gesting that the shorter trap is as effective as the longer 
one. This would have to be confirmed by further trial. 
Mae Fruit Fiy Arrractants.— Males of the oriental 
fruit fly, Dacus dorsalis Hendel, are attracted to methyl 
eugenol (Steiner 1952). Males of the melon fruit fly, 
Dacus cucurbitae Coq., are attracted to anisyl-acetone 
(Barthel et al. 1957). Angelica root oil is attractive to 
males of the Natal fruit fly, Pterandrus rosa Ksh. (Ripley 
& Hepburn 1935), and both the root oil and the angelica 
seed oil are attractive to males of the Mediterranean 
fruit fly, Ceratitis capitata (Wied.), (Steiner et al. 1957). 
Sec-butyl 6-methy] 3-cyclohexene-1-carboxylate also is an 
attractant for male Mediterranean fruit flies (Gertler). 
The response of the walnut husk fly to these male fruit fly 
attractants was studied in a trial described in table 5. Ina 
population in which traps baited with ammonium carbo- 
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Table 5.—Response of the walnut husk fly to materials 
attractive to males of other species of fruit flies. 








MALES FrE- 
MALES, 
Per Num- 
ATTRACTANT TR: BER 


AMOUNT 


Tora 


(NH4)2COsz standard Zz. 248 5 310 559 
Oil of angelica seed 5 ml! ‘ 10 312 
Sec-butyl 6-methyl 3-cy- 

clohexene-1-carboxylate 33 166 
Anisy] acetone é : ‘ 15 58 
Methy!] eugenol t ‘ ‘ 2 21 





® Standard waxed cardboard sticky traps, hung open end down. 
> Placed on dental wicking between top and perforated bottom of trap; five 
replications, Sept. 19 to 28, 1957. 


‘ 


nate caught females in slight predominance (55%), as 
usual, oil of angelica seed attracted males in great pre- 
dominance (97%). Sec-butyl 6-methyl 3-cyclohexene-1- 
carboxylate also proved to be rather effective, attracting 
about half the total number of flies caught by oil of angel- 
ica seed, 80% of which were males. Anisyl acetone was 
considerably less attractive, and methyl eugenol was only 
slightly attractive, with males predominating in the catch 
of each (table 5). 
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ABSTRACT 


Insecticidal seed treatments on baby lima beans effected a 
45% mortality of the eastern field wireworm, Limonius agonus 
(Say), found in a row 18 days after planting. Average gains of 
61.6% in stand and 36.4% in whole plant weight were attributed 
to seed treatments, as measured at harvesttime. No advantage 
was found in using lindane, dieldrin, heptachlor or aldrin at 
more than 0.5 oz. per 100 pounds of seed. 

Averages from three separate corn experiments in loam soil 


Insecticides are now used on a wide variety of seeds to 
eliminate or minimize the early damage caused by mag- 
gots, wireworms, and other soil inhabiting insects. In 
some cases, the insecticide is included with the fungicidal 
treatment applied by the seed producer, but more often, 
especialiy with corn, the insecticide is applied to the 
fungicide-treated seed by the farmer just prior to plant- 
ing. Though this latter procedure affords seed protection, 
it involves a separate operation and thus is employed by a 
limited number of growers. In areas where soil insects 
cause injury to germinating corn seed, a more desirable 
situation would result if the hybrid corn producer in- 
corporated an insecticide with the normal fungicidal 
treatment, thereby providing growers with the advan- 
tages of an insecticidal seed treatment. Strong (1957) 
called attention to some of the problems associated with 
the insecticidal treatment of corn seed but as far as in- 
secticidal efficiency is concerned, the questions of major 
interest relate to the choice of insecticide, its minimal ef- 
fective dose, and the benefits to be derived from this con- 
trol technique. The experiments reported herein were an 
attempt to answer such questions. 

Numerous investigators have evaluated seed treat- 
ments against wireworms. On corn, most of this work 
dealt with relatively high dosages. In a test with baby 
lima beans in soil infested with the Pacific Coast wire- 
worm, Limonius canus Lec., Lange et al. (1949) obtained 
75 to 94.7% reduction of wireworms in the vicinity of 
seed 28 days after planting by the use of lindane at dos- 
ages ranging from 1 to 4 ounces per 100 pounds of seed. 
Parathion at 1.2 and 2.4 ounces per 100 pounds of seed 
gave 52.9 and 76.2% reductions, respectively. 

Dogger & Lilly (1949) evaluated three insecticides on 
corn seed planted in muck soil infested with Melanotus 
communis (Gyll.) and Dalopius pallidus Brown. Unin- 
jured hills amounted to 57.6 to 68.2% of a normal stand 
from the use of 2 and 4 ounces of parathion and BHC per 
bushel while seed treated with chlordane at these rates pro- 
duced undamaged hill stands of 12.9 to 31.8%, respec- 
tively. 

In muck soil in North Carolina where untreated plots 
were completely destroyed by M. communis, Kulash & 
Monroe (1955) obtained stands of 70, 60, and 40% by the 
use of seed dressings on corn containing 2.25 ounces per 
bushel of heptachlor, lindane and chlordane, respectively. 
Parathion at 1.4 ounces per bushel of seed contributed to 
a 70% stand. 


infested with wireworms (Agriotes mancus (Say) and Melanotus 
sp.), showed 5.8% increase in stand and a 5.7% increase in yield 
using 0.1 and 0.25 oz. of heptachlor, dieldrin, or aldrin per bushel 
of seed. These gains were 52.7 and 25.7%, respectively, of the 
benefits derived from “maximum control” plots where 1.5 pounds 
of heptachlor per acre were employed as a soil treatment. There 
was no significant difference between the three insecticides or 
between the two dosages employed. 

In laboratory experiments, Starks & Lilly (1955) ascer- 
tained the toxicity to .M. communis of insecticides used at 
1 ounce per bushel of corn seed. The following per cent 
mortalities were obtained after a 10-day holding period: 
79.7, Diazinon—69.6 (failed to prevent seed 
56.5, lindane—36.2 (high repeliency) 


1.2. 


heptachlor 
attack), dieldrin 
and toxaphene 

Apple (1956) found a low dosage (0.25 
bushel). of heptachlor, aldrin, dieldrin, or lindane as effec- 
tive as higher rates when used as seed treatments on corn 
planted in upland soil containing a wireworm population 
of 7 per 100 seedlings and other soil insects. In another 
field heavily infested with the wheat wireworm, Agriotes 
mancus (Say), near normal stands of corn were main- 
tained (35 and 33% increases over control) by the use of 
0.50 and 0.25 ounce of dieldrin per bushel, respectively. 

Strong (1957) observed a gain of 5.2% in stand over 
fungicidal controls when he compared eight lots of corn 
seed commercially-treated with a fungicide plus approxi- 
mately 0.25 ounce of dieldrin per bushel. 

Small plot experiments for the control of soil insects 
were carried on at three locations in Wisconsin to evalu- 
ate the efficacy of insecticidal seed treatments on lima 
beans and dent corn. The lima bean test was conducted in 
1953 near Centerville, Wisconsin, in Bertrand sandy loam 
infested with the eastern field wireworm, Limonius agonus 
(Say). Two trials with dent corn were made in 1956, the 
first (A) at Marshfield, Wisconsin, in Spencer silt loam, 
where A. mancus was the predominant species; and the 
second (B) at Arlington, Wisconsin, in Carrington silt 
loam, where Melanotus sp. was most common. A third 
corn experiment was conducted during 1957 in the same 
field near Arlington. However, many more wireworms 
were encountered in this field during 1957, a condition 
that may have resulted from a prolonged germination 
period caused by cool weather or possibly as a result of 
quack grass being eliminated the previous fall by the use 
of dalapon. All of the corn tests were originally planned to 
evaluate seed treatments against the seed-corn maggot, 
Hylemya cilicrura (Rond.), but wireworms were found to 
be more abundant in two of the tests and even in the re- 
maining experiment where maggots outnumbered wire- 
worms, the former insect was not present at a very high 


ounce per 


1 Approved for publication by the Director of the Wisconsin Agricultural 
Experiment Station. Accepted for publication April 21, 1958. 

2 Professor and former Graduate Assistants, respectively, in the Department 
of Entomology, University of Wisconsin, 
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Table 1.—Evaluation of insecticidal seed treatments on 
lima beans as measured by wireworm mortality, plant stands 
and plant weights. 








WEIGHT 
oF PLANTS 
PER PLotr 
(Lps.) 


INSECTICIDE 
AND OUNCES 
PER 100 ~-—-—--— 
Dead Alive 


WIREWorRMS IN Row*® Per 
- CENT 
STAND 


PouNDS OF SEED 
30.3 
31. 

30. 
32. 


Lindane 0.2: 79. 
0. 83. 
0.7% 86. 

79. 


~2 +2 Or 20 


32. 
31. 


32. 


Dieldrin ‘ 83. 
5 81. 
86. 


~~) 


oS 


Heptachlor 0.5 84. St. 
82. $2.5 
30. 


Aldrin 6 ‘ 4 32. 
31.2 


Chlordane 
EPN 


Parathion 0. 


Fungicide control 0 
L.S.D. at 5% level 


45.0% kill 





® Wireworms associated with 40 seeds or seedlings (13 feet). 


level. Thus the results can be considered as an evaluation 
of wireworm control with seed treatments. None of the 
corn tests were in fields with a past history of wireworm 
trouble whereas the lima bean experiment was intention- 
ally carried on in a portion of a large field where wireworm 
damage had been serious the previous year. 

Metrnops.—Clark Bush lima beans were slurry treated 
with a mixture containing wettable powder insecticide 
and fungicide (1.33 ounce of 75% thiram per 100 pounds 
of seed) in 4% methyl cellulose solution ({ pint per 100 
pounds of seed). One-pound quantities of seed were 
treated on May 8, 1953 and on May 29, 100 seeds per 
treatment were hand-planted in single row plots 30 feet 
long. Four replicates of each treatment were included in a 
randomized-block field design. On June 16 (18 days after 
planting), 10 seedlings were removed from one end of 
each plot to determine the mortality of wireworms and to 
record injury on the seed or seedlings. A final evaluation 
of treatments was based on a stand count and whole- 
plant weights taken, August 29. A summary of these re- 
sults is given in table 1. 

Dent corn seed was treated in one-half pound quanti- 
ties employing an improvised slurry treater. This quan- 
tity of seed was placed in a 750 ml. bottle and then tum- 
bled with a fungicide-insecticide slurry to assure uniform 
mixing. The slurry was prepared by adding the fungicide 
(equivalent to 1 ounce of 75% captan per bushel of seed) 
plus the desired amount of wettable powder insecticide 
to 1.14 ml. of 1% methyl! cellulose solution. Treated seed 
Was retained in paper sacks at room temperatures until 
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used in field plots. The interval between treatment and 
planting was never greater than 4 weeks. 

In the corn experiments, individual plots were 2 rows 
wide and 10 hills long with 3 seeds per hill. Four replicates 
were used in each case in a randomized-block design. 
Neither seeds nor seedlings were removed from plots to 
determine the abundance of soil insects or the effective- 
ness of treatments. However, additional rows were 
planted in each of the four replicates to provide sites for 
determining the density of soil insects and the degree of 
plant injury. Such a row was planted with seed treated 
with fungicide only and two buffer rows were planted on 
either side of the sample row so that adjoining plots 
would be unaffected by the fallow areas resulting from 
plant removal. 

One other innovation used in the corn experiments was 
the inclusion of a soil-treatment plot in each replicate to 
provide a measure of “maximum control.’’ Heptachlor 
emulsion (1.5 pounds per acre) was sprayed on the soil 
surface and immediately thereafter was raked vigorously 
(1956) or rototilled (1957) to distribute the insecticide 
throughout the top few inches of soil. 

The response to insecticidal treatments was measured 
in the first test (A) by an early stand count only, while 
weights of ears and the number of productive plants per 
plot at harvest time were employed in the latter two 
experiments. The weight of corn from an individual plot 
and kernel moisture were used to compute bushels of 
15.5% moisture corn per acre. A productive plant was one 
bearing an ear, all other plants were excluded from the 
count because barren plants may have resulted from soil 
insect attack. A summary of these data is given in table 2 
along with the wireworm population and degree of plant 
injury in the three seed treatment experiments with corn. 
The data on plant stand and yield are averages of the 
four replicates used in each respective test. 

Resutts.—Seed treatments on lima beans resulted in 
15% average mortality of Limonius wireworms present in 
the vicinity of seeds 18 days after planting. This result is 
based on the recovery of 171 wireworms from 72 sampled 


Table 2.—Plant stands and yields of corn resulting from 
insecticidal seed treatments and soil treatments employed 
against light to moderate soil insect infestations. 





1956-A 1956-B 1957 
Insects per 100 plants 

Wireworms 42.3 

Seed-corn maggots 2.6 
Plants injured: percent 30.9 


AVERAGE 


YIELD Yield 
Puant Bu. Plant *° Bu. 
Stanp Acre Stand Acre 


YIELD 
PLaNnt Puant Bv./ 


TREATMENT STanp® STAND 


Soil treatment—1.5 lbs. 
heptachlor per acre 
Seed treatment 
Heptachlor, oz./bu. 
0.25 
0.1 
Dieldrin, 0z./bu. 
0.25 
0.1 
Aldrin, oz./bu. 
0.25 56.5 53.2 70. 
0.1 57. .0 69. 
Fungicide control 50.6 52.6 67.6 
L.S.D. at 5% level 
Average of all insecticidal seed treatments 


3 





® Plants from 60 seeds per plot. 
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areas. No comparisons of wireworm mortality were made 
between treatments because insects were not recovered in 
21 of the 72 samples. The commonly recommended rate of 
(0.5 ounce of lindane, dieldrin, heptachlor, or aldrin on 100 
pounds of seed produced an average kill of 34.3%. 

Destroyed and damaged lima bean plants were re- 
corded at the time wireworm population counts were 
made but these data showed very little difference be- 
tween the 18 insecticidal treatments. Destroyed and dam- 
aged plants amounted to 16.2% in all plots with insecti- 
cide treated seed while 22.5% of the plants from control 
plots showed similar symptoms. However, during the 
final 74 days of growth, plant damage (based on missing 
plants) increased to 50.5% in the control whereas the 
comparable figure for all seed treatments was only 20.0%. 
Thus at harvesttime there was a 61.6% gain in stand 
from the use of seed treatments. The average gain based 
on plant weights was 36.4%. 

Lindane, dieldrin, heptachlor, or aldrin on the seed of 
lima beans provided equal protection from wireworms 
when compared on the basis of final stands and whole- 
plant weights. With these insecticides, there was no ad- 
vantage from the use of dosages greater than 0.5 ounce 
per 100 pounds of seed. Chlordane, EPN and parathion 
appeared to be less toxic to wireworms than the afore- 
mentioned insecticides but final plant stands and plant 
weights were essentially the same regardless of the toxi- 


cant. 

Combining the results of the three corn experiments 
provided mean stand and yield figures that were signifi- 
cantly different. However, most of the variation between 


treatments was due to the heptachlor soil treatment. 
Based on the three-experiment average, this method of 
control provided an 11% gain in stand and a 22.2% gain 
in yield over control plots. Plant stands were 95 to 96.3% 
of seeding rates following insecticidal soil treatment re- 
gardless of the number of soil insects in the three test 
plots. 

The overall gains derived from the use of insecticidal 
seed treatments on corn were somewhat smaller than the 
benefits obtained with soil treatment. Insecticidal seed 
treatments effected a 5.89% gain in stand and 5.7% gain 
in yield over control plots. The former figure is more 
meaningful because all three experiments contributed in- 
formation on plant survival. A comparison of gains from 
seed treatment with soil treatment shows that seed treat- 
ments provided 52.7% (38.8% in case of last two experi- 
ments) of the protection afforded by soil treatment when 
plant stands are considered, but only 25.7% of the value 
of soil treatments when based on yields derived from the 
latter two experiments only. This relatively poorer show- 
ing of seed treatments as measured by yields may have re- 
sulted from one or both of the following conditions; pro- 
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longed attack on the plants by wireworms unaffected by 
seed treatment or retarded plant growth resulting from 
pathological or abnormal physiological factors induced by 
more extensive wireworm feeding. 

The wireworm experiments on dent corn failed to show 
any advantage for a 0.25-ounce dosage over that ob- 
tained with 0.1 ounce of insecticide per bushel of seed. 
Similarly, no real difference could be found in the relative 
effectiveness of heptachlor, dieldrin, or aldrin. It should 
be pointed out however, that these results are based on 
relatively fresh seed dressings and therefore provide no in- 
formation on aged deposits. 

ConcLusions.—Wireworm mortality data from the 
lima bean experiment show that even low rates of insecti- 
cide application to seed cause an appreciable reduction of 
wireworms within a row. The results obtained with 
relatively low dosages of dieldrin, heptachlor, and aldrin 
on dent corn seed suggest an inexpensive way to overcome 
part of the annual loss to corn caused by wireworms. 
These data complement the extensive work of other in- 
vestigators, notably Hofmaster & Nugent (1956), who 
showed that one-fourth ounce of insecticide per bushel of 
sweet corn afforded significant protection from the seed- 


‘corn maggot, the only other major pest of field-planted 


corn seed in the Midwest. Of special interest in their work 
was the observation that dieldrin retained its toxicity on 
green bean seed better than aldrin, heptachlor, and par- 
ticularly lindane when treated seed was stored in the 
laboratory for 1 year. 
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ABSTRACT 


Occurrence of DDT resistance in the codling moth, Carpocapsa 
pomonella (L.), is briefly reviewed. A strain of codling moth from 
an apple orchard at Soquel, California, is shown by laboratory 
studies to have an LC-50 four times that of a nonresistant lab- 
oratory strain. These studies are based on the susceptibility of 
newly hatched larvae of each strain to initial deposits from dif- 
ferent dosages of a DDT wettable powder on apples, using a cell 
technique. Well-timed applications of DDT in replicated plots in 
the orchard in which the resistant population occurred resulted 
in control failure, whereas materials not related to DDT pro- 
vided excellent control. 


Resistance to DDT in the codling moth has previously 
been reported in several areas where this insecticide has 
been in intensive use in apple orchards. Cutright (1954) 
reported lack of effectiveness of DDT against codling 
moth by 1952 in Hamilton County, Ohio, and demon- 
strated in a well-designed experiment that DDT spray 
programs failed to control. DDT resistance was reported 
as confirmed in a codling moth population in a fairly large 
area in the Paracombe district of South Australia by 
1953 (Smith 1955). This resistance has been confirmed in 
laboratory studies with moths (Maelzer 1958). Deteriora- 
tion in control was reported near Lockport, New York, in 
1953, and field and laboratory tests showed that a moder- 
ate DDT resistance was present (Glass & Fiori 1955). 
Hamilton (1956) recorded results of laboratory studies 
with newly hatched larvae from 16 strains of codling 
moth from apple orchards having varied histories of use 
of DDT. In one comparison, larvae from orchards with 
moderate or heavy usage of DDT were able to enter un- 
sprayed apples more readily than larvae from a popula- 
tion with a history of no exposure to DDT, suggestive of 
the increased vigor found in lead arsenate-resistant 
strains (Hough 1934). These populations, however, were 
equally susceptible to DDT residues. Of five strains col- 
lected in orchards with a history of poor control with 
DDT, three were shown to be resistant in the laboratory 
studies, including strains from Gleed and Yakima, 
Washington, and the Ohio strain previously found resist- 
ant by Cutright (1954). 

Laboratory studies of codling moth strains from Cali- 
fornia orchards with respect to occurrence of resistance to 
DDT have previously been negative. During the period 
1951-54, three strains of larvae from orchards in which 
DDT had apparently failed were compared with a sus- 
ceptible laboratory strain and found to be nonresistant. 
Subsequent experience with DDT for codling moth con- 
trol was successful in these orchards. During the season of 
1956 in an apple orchard near Soquel, California, a grow- 
er-applied spray program consisting of five applications of 
a standard dosage of DDT was observed to result in very 
poor control of codling moth. Approximately 60% of the 
fruits were infested at harvest (Madsen & Hoyt 1958). 
Overwintering larvae of this population were collected® 
and a laboratory colony was established and reared as 
described by Dickson et al. (1952). Using third-generation 
larvae of the laboratory colony of this orchard strain, a 
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A Strain of Codling Moth in California Resistant to DDT! 


M. M. Barnes, University of California Citrus Experiment Station, Riverside* 


comparison was made with a nonresistant laboratory 
strain of codling moth. The latter strain was colonized 
prior to the commercial use of DDT. It has since been 
reared continuously and has not changed with respect to 
its LC-50 dosage of DDT since 1948 when this dosage was 
first determined. The LC-50 dosage, 7.e., the concentra- 
tion in water sprays providing a deposit which gives ap- 
proximately 50% mortality of newly hatched larvae, is 
1.2 gm. per liter of a standard batch of 50% DDT wet- 
table powder. When sprayed on the fruit, this dosage re- 
duces codling moth entries of the nonresistant strain by 
45+9% as compared with unsprayed fruit (Barnes 
1958). 

In comparing the orchard and laboratory strains of 
codling moth each apple was infested with six codling 
moth eggs in the blackhead stage, using a cell technique 
described by Barnes (1958). Thirty-four fruits sprayed 
with the LC-50 of DDT for the nonresistant laboratory 
strain, and 34 unsprayed fruits, were infested with each 
strain. Untreated fruits averaged 92 and 94 entries per 
100 viable eggs for orchard and laboratory strains, re- 
spectively, in this comparison. Comparisons were based 
on approximately 175 larvae of each strain on both treated 
and control fruits and gave the following results calcu- 
lated by Abbott’s formula (Abbott 1925). 


Per Cent Reduction in 
Codling Moth Fruit Entries 
Nonresistant laboratory strain 50.1 
Orchard strain, Soquel, Calif. 17.2 


These data show a distinct resistance to DDT by the 
orchard strain. It was of interest to explore this level of re- 
sistance further by determining the LC-50 of the orchard 
strain. Accordingly, using eggs from the eighth generation 
of the orchard strain, reared continuously in the labora- 
tory, comparisons with newly hatched larvae were run 
with a series of dosages of DDT. Using the cell technique, 
approximately 100 larvae were used to determine each 
point on the dosage mortality curve shown in figure 1. It 
will be noted that in this figure the LC-50 of the orchard 
strain falls at about 4.5 gm. of the standard 50% DDT 
wettable powder per liter, or almost four times the LC-50 
of the nonresistant laboratory strain. It is further noted 
that the dosage mortality of the third generation falls in 
line with the dosage mortality curve obtained with the 
eighth generation, showing that DDT resistance was 
maintained in this codling moth strain for at least five 
generations, though no selection with DDT was made 
during this period. 

In 1957, a program of DDT sprays was included in ex- 
perimental plots in the orchard in question (Madsen & 
Hoyt 1958). Three replicates of four trees each were used. 
Four applications of 14 pounds of a 50% DDT wettable 
powder in 700 gallons of water per acre were made by the 
use of hand guns. Trees sprayed with DDT averaged 31% 


1 Paper No. 1042, University of California Citrus Experiment Station, River- 
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2'The author wishes to acknowledge the able assistance of H. R. Moffitt, 
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3 The author is indebted to Dr. H. F. Madsen for collection of this strain. 
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Fic. 1.—Dosage mortality curves comparing two strains of cod- 
ling moth with respect to susceptibility of newly fhatched 
larvae to fresh deposits of DDT on apples. 


entered fruit at harvest, whereas entered fruit from trees 
sprayed with materials not chemically related to DDT 
ranged from 0.2 to 3.4% (Madsen & Hoyt 1958). Thus 
the resistance level demonstrated in the laboratory tests 
was paralleled in the orchard by failure to control codling 
moth with a well-timed and well-applied DDT spray 
schedule. 

Studies were carried out in this laboratory in the period 
from 1950 to 1954, during which time a codling moth 
population derived from the standard nonresistant strain 
was selected at a level ranging from 60 to 70% for 41 
generations. This was accomplished by dipping in a sus- 
pension of DDT wettable powder the apple thinnings 
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constituting the rearing medium of the strain under 
selection, which was derived from the standard laboratory 
strain. Under this level of selection, the susceptibility of 
newly hatched larvae to deposits of DDT did not change 
in this population. Either the capacity to develop resist- 
ance was not present in the original population or the 
level of selection used was not sufficiently high. Higher 
levels of selection were attempted but resulted in loss of 
the line or in too few survivors to maintain selection. 
The development of a very high level of resistance to 

DDT appears to have been confirmed in few populations 

indeed (see discussion above), considering the fact that 

in a great number of orchards the selection has been well 
above 95% for 12 to 24 or more generations. There has 
been widespread tendency for control to be somewhat 
more difficult with DDT, suggesting that at least some 
tolerance to DDT occurs widely. 
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Ultraviolet Determination of the Insect Repellent Diethyltoluamide' 


CiaubE H. Scumipt, Matcotm C. Bowman, and Frep Acrer, Jr.,2 Entomology Research Division, Agr. Res. Serv., U.S.D.A. 


ABSTRACT 


A rapid sensitive (1 p.p.m.) ultraviolet method of analysis has 
been developed and successfully applied to the determination 
of repellent in cloth and on glass plates. The absorbance of a 
sample in ethanol is read on a spectrophotometer at 230 mu 
with the slit width maintained constant. The concentration is 
determined from a calibration curve relating absorbance to 
concentration. 

Absorption spectra of the purified ortho, meta, and para iso- 
mers have no peaks, but at constant slit width their absorbances 
at 230 mu obey Beer’s Law. Insufficient differences in the spectra 
of the three isomers precluded a satisfactory mathematical de- 
termination of the individual isomers. 


Diethyltoluamide has recently attracted much interest 
as an insect repellent (Gilbert et al. 1957). Commercial 
products sold for use as repellents may contain various 
amounts of the ortho and para isomers mixed with the 
meta isomer, the one showing the greatest repellency 
(Gilbert et al. 1955). 

In conjunction with our studies on the evaporation and 
absorption of insect repellents, it became necessary to 
find a sensitive, rapid method of analysis for diethyltolu- 
amide. When these studies were begun, the only specific 


1 Accepted for publication April 25, 1958. 
2M. Beroza made valuable suggestions concerning this research, 
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ScHMIDT ET AL.: ULTRAVIOLET DETERMINATION OF DIETHYLTOLUAMIDE 


———o——— Para 8.0 ug. /ml. 
== a» Yo — — Meta 8.3 wg. /ml. 


——oe—— Ortho 7.9 ug. /ml. 





WAVELENGTH - mp 


Fic. 1. 


method available for the determination of this compound 
and its isomers was by infrared analysis,’ which was not 
appropriate for our use. 

Based on the strong absorption of the isomers in the 
ultraviolet, a method of analysis has been developed for 
the determination of diethyltoluamide after its applica- 
tion to and recovery from various surfaces. However, a 
sample of the particular lot of material applied must be 
available for the preparation of a calibration curve, as the 
absorbance will vary depending on the isomer content of 
the lot. Satisfactory recoveries were obtained from glass 
and cloth by using this method. 

MATERIAL AND Metuops.—Purified samples‘ of the 
isomers of diethyltoluamide used were: ortho, m.p. 46.6— 
17.4° C.; meta, b.p. 138-140° C. at 2 mm., np” 1.5205; 
para, m.p. 54.5-55.2° C. Three technical products were 
also used: sample 1, 70% meta, 27% para, and 3% ortho; 
sample 2, 859% meta, 14% para, and 1% ortho; sample 3, 
90°> meta and the remainder unknown. 

The ultraviolet absorption spectra of the three isomers 
dissolved in both ethanol and n-hexane were determined 
ina Beckman DU spectrophotometer. 

A calibration curve for the para isomer was prepared in 
the following manner: Forty milligrams of the purified 
isomer was dissolved in 50 ml. of redistilled 95% ethanol. 
Aliquots were used to prepare ethanolic solutions con- 
taining 2, 4, 6, 8, and 10 ug./ml. The absorbance of each 
soliition was determined in 1-cm. square silica cells with a 
Beckman DU = spectrophotometer against an ethanol 
blank at 230 my, slit width 0.66 mm. The corrected ab- 
sorbance was plotted against the concentration. Calibra- 
tion curves for the other two isomers and the three tech- 
nical samples were prepared in a similar manner. 


Ultraviolet absorption spectra of the three isomers of diethyltoluamide in 95% ethanol. 


In order to analyze for any sample of diethytoluamide, 
a calibration curve of the product is prepared as just 
described. After the material has been applied to a 
surface, it is extracted with ethanol and the extract is 
diluted to contain 1-15 yg./ml. The concentration of 
the solution is then determined through the absorbance 
as described in the analyses for recovery from glass and 
cloth that follow. 

Analyses were made in triplicate for diethyltoluamide 
recovered from glass plates treated with sample 2. Glass 
plates 66 inches were cleansed with ethanol and dried. 
One milliliter of ethanol containing 247 mg. of the sample 
was added to the plate and allowed to disperse. After 
the solution had spread over the plate, it was washed 
immediately into a 250-ml. volumetric flask with ethanol. 
This solution was made to volume, a portion was diluted 
to a concentration of 1-15 ug./ml., and the absorbance 
was read at 230 my, slit width 0.66 mm. The concen- 
tration corresponding to the absorbance was read from 
the calibration curve previously prepared for sample 2. 

The determination of diethyltoluamide extracted from 
cloth was made in triplicate. Five milliliters of ethanol 
was required for saturation, and this volume containing 
248 mg. of sample 2 was applied to 6X6 inch pieces of 
cotton sheeting. The cloth was then placed in a funnel 
and washed with 250 ml. of ethanol. The solution was 
analyzed as described, and an exalted recovery of di- 
ethyltoluamide was obtained. In another series of analy- 
ses, quantitative recoveries were obtained when the ultra- 
violet-absorbing impurities were removed from the cloth 

8 Personal communication from Hercules Powder Company. 


4 From Montrose Chemical Co., California Spray-Chemical Corp., University 
of Maryland, and Hercules Powder Co. 
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‘Calibration curves of the isomers of diethyltoluamide and three technical samples read at 230 


my at a constant slit width of 0.66 mm. 


before the solution of diethyltoluamide was applied. This 
was effected by extracting the cloth for 4 hours with 95% 
ethanol in a Soxhlet. 

Resutts AND Discussion.—Quantitative recoveries of 
diethyltoluamide were obtained from glass plates and 
extracted cloth and are presented in table 1. The recovery 
from unextracted cloth was higher than expected. This 
discrepancy was due to ultraviolet-absorbing impurities 
in the cloth which could be extracted by ethanol. The 
quantity of impurities in the cloth differed; for example, 
two pieces of cloth gave apparent diethyltoluamide con- 
tents of 4.43 and 4.72 mg. 

This method has also been used successfully to deter- 
mine diethyltoluamide in ethanol used to collect vola- 
tilized repellent from a treated arm, and in ethanol 
washings of skin that had been treated with the repellent. 

The ultraviolet absorption spectra from 215 to 285 mu 
of the ortho, meta, and para isomers of diethyltoluamide 
can be seen in figure 1. Identical spectra for the isomers 
were obtained in both ethanol and n-hexane. The ab- 
sorbance increases as the wavelength decreases, and there 
is no point of maximum absorption. The curves of the 
three isomers are similar; the para isomer shows the 
greatest absorption between 220 and 265 my and the 
ortho shows the least. 

A wavelength of 230 my was selected as the most 
suitable for this determination, and the background inter- 
ference in several analyses was minor. At shorter wave- 
lengths the method becomes less specific, as many com- 


pounds absorb in the 215-225 my range and interference 
from stray light radiation may be introduced. Above 
230 my the absorbance decreases and impairs the use- 
fulness of the test by reducing its sensitivity. To work at 
a point of changing absorbance, it is necessary to hold 
the slit width constant. The slit width was therefore 
maintained at 0.66 mm. in the analyses. 

Calibration curves of the three isomers yielded slopes 
with significant differences at 230 my, as can be seen in 
figure 2. It can also be seen that samples 1 and 2 produced 
curves whose slopes compared favorably with the slopes 
that would be expected for these mixtures of isomers. 

In certain instances (Friedel & Orchin 1951) it is 
possible to calculate the concentration of three com- 
ponents in a mixture from absorbance measurements 
made at three wavelengths. However, in our case in- 
sufficient differences in the absorption spectra of the 
isomers do not permit a satisfactory mathematical 
analysis for each isomer. 


Table 1.—Recovery of diethyltoluamide from glass and 
cloth. 








RECOVERED 
(Ma.) 


SUBSTANCE APPLIED 


TREATED 











Glass plates 2 246 
Unextracted cloths 2! 253 
Extracted cloths 248 
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Seed Treatment of Cotton with Systemic Insecticides Alone and in 
Combination with a Fungicidal Treatment! 


Perry L. Apxisson, University of Missouri, Columbia* 


ABSTRACT 


Small plot experiments were conducted with Thimet and The addition of nabam to the systemic insecticide seed treat- 
Bayer 19639 seed treatments used alone and in combination with — ments resulted in much better stands, and also lessened the sever- 
an in-the-furrow fungicidal treatment with nabam. The systemic _ ity of the phytotoxic effects of both Thimet and Bayer 19639. 
insecticide seed treatments were also compared with a standard Results indicated there should be no reduction in stand, pro- 
toxaphene spray program. vided the same number of seed are planted, from the use of the 

The seed treatments resulted in effective thrips control until | systemics under conditions conducive to good germination. 
midJune and some aphid control until midAugust. Bayer 19639 Yields were not increased by the use of the systemic insecti- 
appeared to give slightly better aphid control than Thimet. cides or toxaphene spray treatments. The maturity of the plants 

In the April plantings, when the soil was cool and damp, there — was delayed considerably in the plots having the seed treated 
were serious reductions in stand in the systemic seed treatments. _ with systemic insecticides. 


The use of systemic insecticide seed treatments for seed treatments were studied alone and in combination 
controlling early season insect infestations of cotton has with an in-the-furrow fungicide treatment. A small-plot 
received wide publicity. Even though early season insect randomized block experimental design was used with each 
control is not recommended in Missouri, experiments treatment being replicated four times. Plots were 12 rows 
with systemics were believed necessary in order to pro- wide and 100 feet long. Treatments were (1) Thimet, 3.5 
vide growers with data obtained under local conditions. pounds toxicant per 100 pounds seed, (2) Bayer 19639, 
Any information leading to the development of better 4 pounds toxicant per 100 pounds seed, (3) nabam, 5 
stands of seedling cotton is desirable. quarts per acre, (4) Thimet plus nabam at the dosages 

Parencia et al. (1957a, 1957b) and Reynolds et al. for each as given above, (5) Bayer 19639 plus nabam at 
(1957) indicated that seed treatments with Thimet and the dosages for each as given above, (6) check, which 
Bayer 19639 gave effective control of many pests of received neither insecticidal nor fungicidal treatments ex- 
seedling cotton for periods up to 5 weeks after planting. cept Ceresan, and (7) toxaphene plus nabam, 1.0 pound 
Hopkins et al. (1958) reported that these materials gave of actual toxaphene per acre plus nabam at the rate 
aphid control until late in the season. given previously. 

Though these works reported good insect control from The treatments with Thimet and Bayer 19639 were 
the use of these materials, they also noted that under applied to the seed by means of a mechanically rotated 
certain conditions there have been reductions in stand, — barrel type treater within a week of planting. A small 
phytotoxicity, and delayed maturity resulting from cer- quantity of methyl cellulose plus 500 ml. of water was 
tain of the seed treatments. Adkisson (1956), however, applied and mixed until the seed were dampened. The 
observed a plant response to Thimet as measured by _ insecticide was then added and mixing was continued 
increased vigor of the cotton seedlings which emerged until the seeds were evenly coated. 
from treated seed. The nabam treatments were sprayed in the furrow on 

As good stands of vigorous cotton early in the season and around the seed at time of planting using enough 
play such an important role in determining the success water as a carrier to make a total 20 gallons spray per 
or failure of a cotton crop in the North Delta, much acre. ‘ 
research has been devoted to this problem. Whitehead & Toxaphene was applied May 7 and May 27, as sprays 
Brown (1957) obtained better stands and increased prepared from emulsifiable concentrates. Applications 
seedling vigor by the use of certain fungicides employed were made with a high clearance sprayer calibrated to 
as in-the-furrow seed treatments applied during the deliver 2 gallons of spray per acre. No insecticidal treat- 
planting process. Because of the previous work reported ments, other than those previously mentioned, were ap- 
from this station concerning insecticidal and fungicidal _ plied to the plots during the season. 
seed treatments when each was used alone, it was be- Breeders registered Delfos 9169 seed was used. All seed 
lieved that a test of combinations of the better treat- 1 Contribution from Missouri Agricultural Experiment Station. Journal Series 
ments was in order. Results reported herein were ob- _ 1890. Accepted for publication aes, Fe. ox ia italia 
tained from certain of these studies. hath ee Araneae nee, eaenionasat naan Sana i 

[-XPERIMENT 1.—Systemic insecticides employed as College, College Station. 
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Table 1.—Results of systemic insecticide-fungicide seed treatments, Experiment 1, Sikeston, Mo., 1957. 


L.S.D. 
DATE OF BAYER Turmet Bayer 19639- ToxaPHENE- - 
Recorp THIMET 19639 NABAM* NABAM NABAM NABAM CHECK 05 


Thrips per 20 plants 
May 16 ‘ 24.0 0.0 1.3 11. 
May 27 .8 : 29.8 . 3.0 4. 
June $ ' 30.8 2.5 2.8 3. 
June 11 3.§ { 12.8 .8 2.8 9. 
June 17 ‘ : 1. 8 0.8 ® 


23. 11.42 
27. 13.37 
34. 7.49 
6. 4.83 
0.5 . 


or Or 


Gr Gr 


Gr 


Plants per 100 feet of row 


June $ 172.0 246.3 324. 241. 


Average height of 20 plants (inches) 
- 3.3 3.6 4, 
| 7.0 7.8 8.{ 
l 20.4 22.8 24 


June 
June 
July 

Number of squares per 50 feet of row 


June ‘ 8 51.3 103.8 224.8 


v &: 
July 233 . 356. 502.3 289.3 361.0 584.5 


Number of bolls per 50 feet of row 


Aug. 2 54.8 90. | 90.5 86.5 158. 
Seed cotton per acre 

Oct. 28 999 1561 578 1273 1497 1687 

Nov. 1 693 681 576 819 825 622 

Total 1692 2242 215 2092 2322 2309 





® Disodium ethylene bisdithiocarbamate, supplied by Rohm & Haas Co. as Dithane D-14. 
> Record taken before first application, 
© Not significant according to the F test. 


cool wet weather conditions (Parencia 1957a). Climatic 
records are presented in table 2. The addition of the 
fungicide, nabam, to the treatments with Thimet or 
Bayer 19639 resulted in a much better stand than where 


had been reginned and treated with Ceresan in the cus- 
tomary manner. The planter was calibrated to drop be- 
tween 5 and 10 seeds per hill. 
Thrips counts were made by closely examining 20 
plants selected at random from the four center rows of | the systemics were used alone. 
each plot. Four counts were made beginning May 16 and Measurements of plant height were taken from the 
ending June 17, when the number of thrips in the treat- same plants selected for the thrips counts. The distance 
ments approached the number in the checks (table 1). 
The treatments with Thimet and Bayer 19639, alone Table 2.—Climatic records for two 10-day periods follow- 
and in combination with nabam, gave significant control ing the planting of cotton seed treated with systemic in- 
of thrips for approximately 5 weeks after planting. Secticides at Sikeston, Mo., in 1957. 
Toxaphene gave significant control until early June. ~ ee ETE ve 
There was no evidence of any thrips control resulting 1 en 
from the use of the fungicide, nabam. Heavy rains be- TEMPER A-  siacaacg 
tween June 11 and June 17 greatly reduced the thrips TURE TURE 
populations in all plots. Precipi- Monty : 
Stand counts were made from 100 feet of row per plot pats 2 penton ROTAL Max. Mim. Max. Min. 
by counting the number of plants on 25 feet randomly April 28 Trace 82 58 
selected from each of the four center rows. Only one a 0.06 78 ~=664 
count, made after the stand was fairly safe from further -00 87 81 60 
reduction due to effects of the treatments, disease, cli- lie a a = 
matic factors, etc., was recorded. The plots were not ‘ 00 69 0 
thinned during the season. The differences in stand due 00 59 34 
to the treatments were highly significant. The greatest S -00 64 10) 
reductions were recorded in the plots treated with Thi- = = = 
met, Thimet plus nabam, or Bayer 19639. The plots re- “00 81 15 
ceiving other treatments had somewhat better stands 2 00 57 
than the check, with the plots treated with nabam or 66 56.0 
toxaphene plus nabam having highly significantly better June } ; rs 
stands than the check. The stand reduction in the plots ‘ po 
treated with Thimet and Bayer 19639 was attributed in s$ 65 
part to the charcoal seed coatings, which reduced the ° 6 65 
rate of seed flow through the planter (Reynolds, et al. = 85.0 
1957) and in part to phytotoxicity under the prevailing at 
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from the soil surface to the apex of the terminal bud was 
the criterion used to represent plant height. Several of 
the treatments exerted significant influences on plant 
height as shown in table 1. On June 4, the plants treated 
with Thimet were significantly shorter than in any other 
plots except those treated with Thimet plus nabam. By 
June 17, the plants treated with toxaphene plus nabam 
were significantly taller than in any of the other plots. 
On July 11, the date of the last record, the plants treated 
with Thimet or Thimet plus nabam were not as tall as 
those in the other treatments. The plants treated with 
toxaphene plus nabam or nabam were significantly taller 
than those in the check. 

Counts of the number of squares on 50 feet of randomly 
selected rows in each plot were made on two dates, and 
for bolls on one date (table 1). Over all counts, the plots 
treated with toxaphene plus nabam had significantly 
more, and those treated with Thimet had significantly 
less squares and bolls than the check. The plots treated 
with toxaphene plus nabam had significantly more bolls 
than any of the other treatments. 

At first picking the check plots yielded more seed cot- 
ton than any of the treated plots (table 1). There was 
significant reduction in yield in the plots treated with 
Thimet when compared with the check. At the second 
picking, the plots treated with Thimet plus nabam or 
Bayer 19639 plus nabam yielded significantly more cot- 
ton than any of the other treated plots. 

The differences in total yields among the treated plots, 
except for the Thimet treatment which produced the 
smallest yield, were not significant. The check yielded as 
much cotton as any of the treated plots and was also 
earliest in maturity, having a higher percentage of total 
vield at first picking. The ability of the seedling cotton 
plant to recover from attacks by disease and thrips is 
well illustrated by the yield of the check. Maturity was 
delayed by the systemic insecticides. 

EXPERIMENT 2.—A small-plot randomized block ex- 
periment was utilized to study the effect of systemic in- 
secticide seed treatments for controlling mid- to late- 
season aphid populations. 

Seed taken from the batch treated for Experiment 1 
was used. The plots were planted April 28 in the same 
manner as outlined for Experiment 1. 

Twenty-six applications of insecticides were made as 
blanket treatments to all the plots during the season in 
an attempt to suppress the predators of the cotton aphid 
allowing this aphid to build up to high numbers. This 
attempt was not entirely successful. Though the aphid 
populations did increase, they never reached the pro- 
portions desired for this experiment. A total of 16 appli- 
cations of calcium arsenate dust were made with a rotary 
type hand duster calibrated to deliver 8 pounds of dust 
per acre. Calcium arsenate was applied on May 16, 23, 
28, June 1, 5, 10, 14, 17, 21, 28, July 2, 6, 11, 16, 18, and 
August 3. Two pounds of actual toxaphene plus 1.0 
pound of actual DDT were applied as sprays on June 24, 
July 5, and August 19. Two pounds of actual DDT were 
applied as spray on July 25, August 16, and August 25 
Endrin at 0.33 pound of toxicant per acre plus 1.0 pound 
of actual DDT was applied as a spray on August 1, 8, 
11, and 22. All sprays were prepared from emulsifiable 


concentrates and were applied by means of a high 
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Table 3.—Results of systemic insecticide seed treatment 
against aphids, Experiment 2, Sikeston, Mo., 1957. 








DATE OF BAYER 
Recorp Tuer 19639 CHECK 


Plants per 100 feet of row 
May 24.0 26.0 38.0 
May 49.8 59.3 88.0 
Aphids, number per 25 leaves 
July 392 243 699 250 
Aug. 141 123 301 110 
Aug. 352 284 373 
Blooms, number per 50 feet of row 
Aug. 2 201.8 239.3 272.5 
Aug. 5 71.5 68.3 58.3 
Pounds of seed cotton per acre 
71.9 976.8 1,171.5 
18.7 1,387.8 1,355.0 
5.6 2,314.6 2,526.5 


Sept. 23 6 
Nov. 1 1,6 
Total 2 , 28: 





® Not significant according to the F test. 


clearance sprayer having one nozzle per row calibrated 
to deliver a total of 2 gallons of spray per acre. 

Aphid counts, given in table 3, were made on three 
dates. The counts were begun when the aphids appeared 
to be the most numerous. Counts were made of the total 
number of aphids found on the third grown leaf below 
the main stem terminal bud. The count on July 27 in- 
dicated that both systemics were giving some control. 
The aphid populations in the plots treated with Bayer 
19639 were significantly lower at the 1% level of probabil- 
ity and lower in the plots treated with Thimet at the 5% 
level than those occurring in the check. On August 1, the 
number of aphids in both systemic treatments was 
significantly lower than the number counted in the check; 
however, by August 15, these differences had disappeared. 

Stand counts indicated that the plots treated with 
Thimet or Bayer 19639 had significantly smaller numbers 
of plants per 100 feet of row than the check. Bloom 
counts August 2 and 15 indicated no significant differ- 
ences among the treatments. There were no significant 
differences in total yield among the treatments. The 
systemics did, however, noticeably delay the maturity 
of the plants. 

In all these plots the plants became almost completely 
defoliated by late September and matured approximately 
30 days earlier than plants in adjoining experiments 
planted the same day, with the same variety, and handled 
in the same manner except they did not receive the 26 
applications of insecticide. This suggests further re- 
search on the effects of full-season insecticidal applica- 
tions, not only in relation to the response from insect 
control, but also to the response resulting from the 
effects of the insecticide itself on the physiology of the 
cotton plant. 

EXPERIMENT 3.—Since reduction in stand was very 
evident in late April plantings of Thimet-treated seed 
(table 1) when the soil was cool and damp, a third test 
was conducted to study the effects of Thimet on seedling 
emergence under conditions more conducive to germina- 
tion. 

Breeders registered Deltapine 15 seed carried over 
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Table 4.—Plants per foot of row in Thimet-treated and 
untreated check plots, Experiment 3, Sikeston, Mo., 1957. 








AGE OF Hanp-PLANTED Hu1-Droprep 


TREAT- - a sadeoieiestieasttaianed 
Thimet Check Thimet Check 


Rarte/100 


Date Lus. SEED MENT 


2 years 1.67°* 0.74 0.91* 45 
1 day 0.88 0.66 Fe 44 


June 4 
2 years 4.338 .28 .68** .90 
1 day 3.98 ; 51 .63 


years 48 5.85 1.64 3.12 
day 46 5.33 .68 .76 


2 years 34 5.23 2. .61 
1 day 3.84 8. . 62 


July 5 


Average of last 2 years .37 8. .96 .88 
three counts ‘ 1 day .09 4. 45 





* Statistically different from check at the 5% level of probability. 
** Statistically different from check at the 1% level of probability. 


from the previous year was used. The Thimet was ap- 
plied at rates of 2.0 or 3.5 pounds of toxicant, in an acti- 
vated charcoal carrier, per 100 pounds of seed. The 2- 
pound treatment had been applied the previous year 
and the seed carried over. The 3.5-pound treatment was 
applied the day of planting. The machine-planted plots 
were hill-dropped with the planter calibrated to drop be- 
tween 5 and 10 seeds per hill. The hand-planted seed 
was planted in hills 1 foot apart, eight seeds per hill. 
The plantings were made on adjoining rows and records 
were taken of paired samples. The cotton was planted 
May 29, 1957, and there was some seedling emergence 
by June 4. 

Counts were made of the number of plants per 25 feet 
of row from eight randomly selected locations within 
‘ach plot. Results are given in table 4. Except for June 
4, there were no significant differences in the stand be- 
tween the Thimet and the check in the hand-planted 
plots. The 2-pound Thimet treatment apparently ac- 
tually stimulated germination as indicated by the first 
stand count. 

In the hill-dropped plots, the check had a higher seed- 
ling emergence than the plots treated with Thimet. 
Good stands were obtained in both treatments. The re- 
duction in stand in the plots treated with Thimet was 
apparently not the result of any deleterious effect of the 
material on the seed, but was attributed to a lower rate 
of flowability of the treated seed through the planter. 
The differences in the stands among the treatments were 
so small that they were of little practical importance. 

There apparently was no deleterious effect upon germi- 
nation of the seed treated with the 2-pound dosage as a 
result of the long storage period. There was very little 
difference between the stands on plots treated with 2.0 
or 3.5 pounds of Thimet. 

The lower rate of seeding of the Thimet-treated seed 
does not fully explain the reduction in stand obtained in 
Experiment 1. Apparently the prevailing weather con- 
ditions (table 2) at and immediately following planting, 
had an important influence on the germination of Thi- 
met-treated seed as indicated by a comparison of the 
stands recorded in Experiments 1 and 3. When the 
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weather conditions were cool and wet there were greater 

reductions in stand than when the weather was wari 

and dry. 

Discussion oF Resutts.—Thimet and Bayer 19689 
gave effective control of thrips for approximately 5 
weeks after planting and significant control of aphids 
until late in the season. Bayer 19639 appeared to be a 
more effective aphicide than Thimet. 

There were apparent reductions in stands in the ma- 
chine-planted seed treated with Thimet or Bayer 19639 
when compared with the other treatments. Study of the 
stand counts reported in tables 1, 3, and 4 and of the 
climatic records given in table 2 suggests that these re- 
ductions were the result of two conditions; 1) the treated 
seed tended to flow through the planter at a lower rate 
than the untreated seed, and 2) cool temperatures and 
wet soils resulted in lowered germination of the treated 
seed. These data indicate that under warm conditions 
conductive to germination, the seed treatments would 
not reduce stands. However, under field conditions, the 
planter should be carefully calibrated to compensate for 
the retarded rate of flow of treated seed. The lower rate 
of flow through the planter may be attributed to the 
heavy charcoal formulations of the seed treatments. 

The addition of the fungicidal treatment, nabam, 
played an important role in obtaining better stands when 
the soil was wet and damp. in addition to better stands, 
the plants were also more sturdy and made a faster start. 

The maturity of the plants treated with Thimet or 
Bayer 19639 was noticeably delayed. This may be an 
important reason for not using these materials in the 
Northern Delta because of the increased frost hazard 
in some seasons. 

Previous work in Missouri has shown that control of 
thrips will not result in any earlier maturity of the crop 
or in increased yields. This was again demonstrated by 
these experiments. 
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Development of Granary Weevils and Fungi in Columns of Wheat! 


N.S. Acrawat, A. C. Hopson, and C. M. CuristEnsEN? 


ABSTRACT 


Wheat at 11 to 12% moisture content was stored in cylinders 
6 inches in diameter and 36 inches tall, was inoculated with 
weevils, and samples removed at intervals and tested for mois- 
ture content, storage fungi, and number of weevils. When the 
weevils were introduced at the bottom of the column and were 
not confined, they gradually moved to the top. In the portion of 
grain where they increased, moisture content and storage fungi 
also increased. When the weevils were confined in grain of 15% 
moisture content in dacron cloth bags at the bottom of the 


columns, and the columns filled with grain at 11 to 12% moisture 
content, moisture content and storage fungi increased greatly 
in the grain where the insects were confined, increased appreci- 
ably in the grain 6 inches above, and slightly in the grain 12 
inches above the portion where the insects were confined. It 
seems probable, therefore, that under conditions that prevail in 
bulk stored grain, a localized infestation by weevils may initiate 
and promote deterioration by storage fungi in a volume of grain 
considerably larger than that in which the insects are developing. 





Results have been presented (Agrawal et al. 1957) 
which indicate that a rather constant and biologically 
significant association exists between the granary weevil, 
Sitophilus granarius (L.) and certain fungi that cause 
deterioration of stored gains. The tests, however, in- 
volved only relatively small amounts of grain, usually 
a few hundred grams at most. The present paper deals 
with somewhat similar tests in which larger quantities 
of grain were used. 

MareriaLts AND Metuops.—Cylinders 6 inches in di- 
ameter and 3 feet high were constructed of }-inch mesh 
galvanized wire hardware cloth. These were lined with 
heavy sheet plastic, and where the ends of the plastic 
sheet joined they were folded over and stapled. Wood 
dises were fitted into the top and bottom of each cylinder, 
and a hole 2 inches in diameter in the top dise provided 
an opening for removal of grain samples with a probe. 
Each cylinder held approximately one-half bushel of 
wheat. 

Two cylinders were filled with a commercial sample of 
hard red winter wheat with a moisture content of 11.4%, 
and two with a commercial sample of soft red winter 
wheat with a moisture content of 11.1%. These moisture 
contents are in the jower range of those generally en- 
countered in wheat in commercial storage, and are at 
least 2% below the level of moisture where storage fungi 
might be expected to invade wheat (Tuite & Christensen 
1957). One cylinder of each pair served as a control, and 
to the other of each pair 500 granary weevils were added 
to the bottom 6 inches of grain as the cylinders were 
filled. They were kept at room temperature and humidity. 

Samples were removed after 2, 4, 6, and 7 months by 
means of a compartmented probe that took six samples 
of approximately 50 grams each, at levels of approxi- 
mately 6 inches vertically. Moisture content, mold count, 
and number of weevils in each sample were determined. 
Moisture contents were determined by the two-stage, air- 
oven method specified by Cereal Laboratory Methods 
(American Association of Cereal Chemists 1957) and are 
expressed on a wet weight basis. Mold counts were de- 
termined by the standard method used in evaluating 
moldiness of grains (Christensen 1957). 

Resutts.—Moisture content and storage fungi did 
not increase significantly in the samples infested with 
insects within 2 months, but did increase thereafter in 
the region of greatest activity of the weevils, as shown in 
table 1. Neither moisture content nor molds increased 
in the controls. 


Table 1.—Moisture content, mold count, and number of 
weevils in a column of wheat 6 inches in diameter and 36 
inches high, in which 500 weevils were added to the grain in 
the bottom of the cylinder. 








WEEVILS 
PER SAM- 
PLE AFTER 
(Montus) 


Motps (THov- 
SANDS) PER 

Gram AFTER 
(Monrus) 


Per Cent 

MolstTurRE 
Deptu of SaM- Content AFTER 

PLE IN COLUMN (Monrtus) 
(INcHEs FRomM ———————_ - = 
Top) + 6 7 + 6 6 

Soft Red Winter Wheat 
6 2 16.0 15. 59 


‘ 
12 : 14.4 5 17 
18 ; 12.9 a : 
3 
7 


24 : 12.1 

30 ‘ 12.0 ‘ 

36 -5 12.0 9 * 
Control -6 12.0 1 


Hard Red Winter Wheat 


13.8 14.5 2 
13.2 14.6 0 
12.9 13.9 0 
12.9 13.0 1 
13.1 13.1 1.5 
2.7 12.8 13.3 1 . 
11.2-11.8 0-1. 





It had been expected that the insects would remain at 
the bottom of the cylinders, since Howe (1951) had re- 
ported, “The most important result of these experiments 
is the unexpected downward movement of weevils in 
grain. Previous experience has always suggested that they 
moved upwards but it is based on the observations on 
weevils that have been disturbed or experiments in very 
narrow tubes... .’” The tubes used in the present tests 
were 2 inches wider than those used by Howe, and the 
grain was not disturbed except to insert a narrow probe 
once every 2 months. However, the weevils moved up 
through the grain and congregated in the upper layers, 
and the increases in moisture content and of storage 
fungi were chiefly in this region. Both moisture content 
and molds increased more in the soft red winter wheat 
than in the hard red winter wheat. 

In a second test, 8 pounds of wheat with a moisture 
content of 15.6% were put into each of four bags made 
of fine mesh dacron cloth. To each of two bags, 400 adult 
weevils were added, and two bags without insects served 
as controls. The bags were put at the bottom of four cylin- 
ders, and the cylinders filled with hard red spring wheat 
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Table 2.—Moisture content and molds per gram in wheat 
infested with weevils and confined to the bottom of a column 
of grain, and in wheat above the portion in which insects were 


confined." 





Per Cent Morsture 
SAMPLE IN ConTEeNT AFTER 
CoLUMN (Weeks) 


(INcH Es 
From Top) 5 10 15 5 10 15 


Infested with Insects 
6 5 10.4 0 3 8 
12 ‘ 11.2 0 5 l 
18 on 12.0 0 79 l 
24 3.4 5 13.2 1,850 15,400 1,170 
Bag’ ; not 2,600 81,000 14,800° 
determined 


Depru oF ms 
Moups” (THOUSANDS) PER 


Gram Arter (WEEKS) 


Control 
6 9.8 0 0 
12 ‘ 10 0 0 
18 h 8 10.: 0 0 
24 é 2.¢ 10. 0 5 
Bag* 11.9 135 550 





® Tested at intervals of 5 weeks during a storage period of 15 weeks. 

b Chiefly Aspergillus repens and A. restrictus. 

© Average of two samples. 

4 Chiefly Spicaria, a non-storage fungus of high moisture requirements. 


having a moisture content of 11.49%. Samples were re- 
moved periodically from the grain column by probe, and 
samples were obtained from the bags by inverting the 
cylinders, removing the bags and taking out approxi- 
mately 50 gm. of grain, after which the bags were re- 
placed. The major results are summarized in table 2. 

In this test, weevils were restricted to the lower por- 
tion of the cylinder. Mold count and moisture content 
increased considerably in the grain where weevils were 
present, but also in the grain 6 to 12 inches above the 
portion where the insects were present, and at least 
moderately severe molding and germ damage occurred 
throughout a volume of weevil-free grain nearly double 
the volume of that infested by insects. This suggests 
that, where localized infestations of weevils occur in large 
bulks of grain, damage to the grain from mold invasion 
might involve a considerably larger volume of grain 
than that in which the weevils are developing. Tests by 
one of the writers indicates that fumigants in the con- 
centrations ordinarily used to kill insects in bulk grain 
do not kill storage fungi in the grain. It seems quite 
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likely, therefore, that once an infestation of weevils has 
built up to a point where it is noticed by an elevator 
operator (usually by an increase in temperature as in- 
dicated by temperature cables that may or may not be 
near the center of infestation) and the grain is fumigated 
to kill the insects, deterioration by storage fungi may 
involve a considerably larger volume of grain than that 
to which the insect infestation is restricted, and may con- 
tinue after the insects have been killed. 

The cylinders of grain in this test were stored through- 
out the test period in a dry basement laboratory where, 
between the second and third test periods, the relative 
humidity of the air averaged less than 20%. This un- 
doubtedly accounts for the drying out of the control 
samples, and the top portion of the grain column in which 
insects were confined at the bottom. In practice, grain 
seldom is stored in bulk where the relative humidity of 
the interseed air is less than 50°, and more commonly 
the relative humidity of the interseed air is between 60 
and 70%, or even higher. Had the cylinders been stored 
at a relative humidity of 60% or above, it is probable 
that the increase in moisture content and molds, and 
consequent deterioration in the grain, would have been 
even greater above the portion infested with weevils, 
and would have involved an even greater volume. Tests 
are under way to determine this. 
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Greenbug Resistance Studies in Winter Wheat! 


Norris E. Danrecs and KENNETH B. Porter? 


ABSTRACT 


A method is described for screening winter wheat hybrids for 
resistance to the greenbug, Toxoptera graminum (Rond.). Of 
1,026 F, plants screened, which were grown from resistant sus- 
ceptible crosses, 28 showed considerable resistance and were 
grown to maturity in the greenhouse. The F; families, grown from 
the F; plants, were screened along with 190 unselected F; families. 
The high percentage of resistant F; families obtained from the 
resistant F, plants indicates progress in selecting for greenbug 
resistance. Results suggest that resistance is controlled by a sin- 
gle factor pair with susceptibility being dominant to resistance, 
although modifiers may be involved. 


The greenbug (Texoptera graminum (Rond.)) is a 
serious pest of small grains. Controls for this insect have 
been developed but are frequently not practical. In areas 
where yields are low because of low fertility, drought, or 
winter killing, insecticidal control is often too expensive. 
Control by parasites or predators or by cultural means is 
not dependable. Therefore, new methods of control 
must be sought. The development of greenbug resistant 
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sinall grain varieties offers the best approach to practical 
control. One variety that occurred as a mixture in 
Triticum durum, Dickinson No. 485, C.1. 3707, showed a 
much higher degree of resistance than those varieties 
commonly grown in the hard red winter wheat area, 
Dahms et al. (1955). The resistance of Dickinson selec- 
tion is, therefore, being transferred to commercial varie- 
ties. 

Painter (1951) stated that a screening method must 
provide for a study of many strains in a minimum of time 
and space, and also give a reasonably accurate classifica- 
tion of resistance levels. Several methods have been used 
by various workers but the method used in this work is 
similar to that described by Chada (1956) 

Metuops.—Crosses between the greenbug resistant 
Dickinson selection and five commercial wheat varieties 
were made in 1955. The F; plants were grown in the 
greenhouse in 1956. 

Plants of the F. progenies of all crosses were screened 
and rated in tests conducted during the period of Septem- 
ber 1956 to March 1957 and the F; progenies between 
October 1957 and March 1958. 

Tests were conducted in a controlled environment in- 
sectary in which the ceiling and walls are insulated. A 
temperature of approximately 74 degrees F. was main- 
tained by means of a thermostatically controlled re- 
frigeration type air conditioner equipped with a circulat- 
ing fan and by a thermostatically controlled gas heater. 
The relative humidity remained between 40 and 50% 
inside the room but was a little higher within the testing 
cages. Artificial light was used for 16 hours each day, 
being turned on and off by a time switch. Each fluores- 
cent light fixture held four 40-watt tubes suspended 
about 17 inches above the base of the plants. 

The plants were grown in redwood flats having inside 
dimensions of 3416321 inches. The entire flat was 
covered, during the testing period, with a 10-X 16-X 20- 
inch pyralin cage having muslin ends. Plants were 
watered by lifting one side of the cage and carefully 
flooding the rows. 

In testing the F, populations the method was to plant 
12 rows in each flat with 18 to 24 plants per row. Four 
rows of each susceptible and resistant parent and the 
F, populations were planted in order across the flat. In 
some of the flats, however, only two rows of the resistant 
parent were planted. A border consisting of the sus- 
ceptible parent was planted around the 12 rows within 
the perimeter of the rearing cage. Infestations were made 
by scattering about 700 greenbugs within the susceptible 
border of the flat when the seedlings were about 3 inches 
tall. Greenbugs were cultured on Cordova barley. 

The more resistant F, plants were potted, moved to 
the greenhouse and grown to maturity. The remaining 
aphids were killed by watering the plants with a weak 
solution of demeton. The F3 families from the resistant 
F, plants were rated for greenbug resistance along with 
the F; families from unscreened or unselected F» plants. 
The F; plants were tested by the same method as the F» 
generation. Thirteen to 16 plants of each F; family from 
unselected F, parental plants and approximately 30 plants 
of each F; family from resistant F, plants were tested in 
single row plots. 

The greenbugs were allowed to reproduce until the 
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Table 1.—Distribution of F, and parental plants 
crosses with respect to greenbug resistance. 





Ratine* 
VARIETY 


Dickinson X Vaughn Turkey 
Dickinson selection 
Vaughn Turkey 


Dickinson X Westar 
Dickinson selection 
Westar 


Dickinson X Blue Jacket 
Dickinson selection 
Blue Jacket 


Dickinson X Kanred 
Dickinson selection 
Kanred 


Dickinson X Crockett 
Dickinson selection 
Crockett 





® Rating of 1=0 to 10% damage; 6 =dead plant. 


majority of the susceptible parental plants were killed 
and the plants of the Dickinson selection began to show 
damage. Injury ratings were then made on the percentage 
of total leaf area damage. The plants were rated from 
one to six. Those plants receiving a six rating were dead. 

Resuuts.— Results of the F: populations are presented 
in table 1. Out of 1,026 plants screened, 28 of the most 
resistant were grown to maturity in the greenhouse. The 
cross Dickinson selection X Vaughn-Turkey _ selection, 
as well as the parental plants, showed less damage than 
any of the other crosses. This test, however, was not sub- 
jected to infestation for as long a period as the other 
four, each of which approximated 3 weeks; consequently, 
fewer susceptible segregates were eliminated from the 
Dickinson selection X Vaughn-Turkey cross. The length 
of time tests are conducted and the severity of the in- 
festation will therefore influence the results of resistance 
studies. 

Dominance relationships were not clearly defined. A 
relatively small number of F; plants tested tended to be 
intermediate to the parents which indicated a lack of 
dominance. The F, distributions indicate that dominance 
of susceptibility was not complete although the larger 
per cent of the F, populations was placed in the more 
susceptible classes. If the classes from 1 to 3 in the F» are 
arbitrarily considered resistant and those from 4 to 6 sus- 
ceptible, a total of 726 susceptible to 300 resistant plants 
was obtained. Fitting these data to a 3 to 1 ratio gives a 
chi-square value of 9.84 which is sufficiently large 
(P=.01) to reject a 3 to 1 hypothesis. However, exclud- 
ing the test of Dickinsen selection X Vaughn-Turkey 
which was conducted for a shorter length of time than 
those of the other crosses, this arbitrary classification 
gives a ratio of 595 susceptible to 179 resistant plants. 
These data fitted to a 3 to 1 ratio gives a chi-square 
value of 1.45 (P=.20-.30). In this case, the probability 
of obtaining a larger chi-square is sufficiently large to 
confirm a 3 to 1 ratio. 

The distributions of the F; family means, after they 
were rounded to the nearest 0.5 rating class, are shown 
graphically for both the selected and unselected groups 
in figure 1. Twenty of the 28 F; families from resistant 
F, plants were rated 4 or lower while the mean ratings of 
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Fic, 1.—Distribution of means of F; families of five crosses 
with respect to greenbug resistance. R.P.=resistant parent; 
$.P.=susceptible parent. 


the resistant and susceptible parents were 3.7 and 5.4, 
respectively. The high percentage of resistant F; families 
obtained from resistant F2: plants indicates that sub- 
stantial progress can be made in selecting for greenbug 
resistance if only the most resistant plants are selected. 
The 28 F, plants selected as resistant segregates were 
rated as 1’s or 2’s and F; families from these lines should 
tend to have similar resistance except as influenced by 
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non-heritable factors. The relatively great range of the 
means of F; families from the 28 resistant F» plants in- 
dicate, that even with intense selection, non-heritable 
factors have considerable influence on the resistance ex- 
hibited by plants or families. 

The distribution of the means of F; families from un- 
selected F, plants in general conforms to that expected 
on the basis of the F»2 distribution. The majority of the 
F; families was found to be more susceptible than the 
resistant parent. If classes 5.5 to 6 are arbitrarily classed 
as homozygous susceptible, 4.5 to 5 as segregating and 
3 to 4 as homozygous resistant, a ratio of 52 resistant, 
85 segregating and 53 susceptible is obtained. These data 
fitted to a 1:2:1 ratio gives a chi-square value of 2.747 
(P = .30-20). The probability of obtaining a larger chi- 
square by chance alone is sufficiently great to confirm a 
1:2:1 ratio which would be obtained if greenbug re- 
sistance is controlled by a single factor pair and sus- 
ceptibility is dominant to resistance. 

Results of these studies suggest that resistance is con- 
trolled by a single factor pair with susceptibility being 
dominant to resistance. However, it appears that other 
modifying genes may be involved. These results are in 
agreement with those obtained by Painter & Peters 
(1956). 
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Studies on the Thermal Constants and Seasonal Occurrence of the 
Seed-Corn Maggot in Wisconsin! 


F. E. Strona? and J. W. APPLE? 


ABSTRACT 


The thermal constants for various stages of development of the 
seed-corn maggot, Hylemya cilicrura (Rond.), were investigated. 
After determining the threshold of development at approxi- 
mately 50° F., observations on eight insectary cultures yielded 
the following thermal constants: egg development, 46 day-de- 
grees; larval and pupal development, 236 and 287 day-degrees, 
respectively. Nineteen insectary cultures indicated 572.5 day- 
degrees from egg to adult. Field data indicated 600.7 day-degrees 
from adult to adult. 

The theoretical number of generations during 1957 in Wiscon- 
sin was 5.26. Four complete generations and two partial genera- 
tions were observed in the field. Under field conditions, the pre- 
oviposition period was 2 to 3 days. The probability of seed-corn 
maggot estivation during the hotter summer months was low. 


The seed-corn maggot, Hylemya cilicrura (Rondani) 
often appears in great numbers and at other times is 
very scarce. No satisfactory method is available for ac- 
curately predicting when severe crop injury might be 
expected. To minimize injury caused by this species, 
Howe & Schroeder (1951) suggested that lima beans be 
planted in New York during “‘fly-free’’ periods. These 

1 These data are taken from a dissertation submitted to the Graduate School 
of the University of Wisconsin in partial fulfilment of the requirements for the 
Doctor of Philosophy degree. Approved for publication by the Director of the 
Wisconsin Agriculture Experiment Station. Accepted for publication April 28, 


1958, 

2 Former Graduate Assistant and Professor of Entomology, respectively, 
Department of Entomology, University of Wisconsin, Madison. 
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periods of low relative abundance occur during the pupal 
period of the first brood. 

A method for determining the seasonal occurrence of 
certain insects is through the use of thermal constants. 
Various workers have employed this method. Headlee 
(1936) obtained “‘satisfactory and reliable results in 
timing cover sprays’ for codling moth, Carpocapsa 
pomonella (L.), control using thermal constants, and Apple 
(1952) proposed a method for scheduling corn borer, 
Pyrausta nubilalis (Hbn.), control operations based on 
temperature accumulations. By summating daily mean 
temperatures above 40° F. and below 50° F., Medler 
(1955) was able to predict the hatching date of the 
meadow spittlebug, Philaenus leucophthalmus (L.). 

The theory of thermal constants is based on the general 
observation that the velocity of development of an insect 
is proportional to the developmental temperature within 
a given range, expressed as K=y(t—a) where K is the 
thermal constant expressed in day-degrees; y is the time 
for development in days; ¢ is the temperature at which 
development is occurring, and a is the threshold of de- 
velopment. In other words, the thermal constants re- 
quired for an insect’s development are constant irrespec- 
tive of the temperature, assuming normal temperature 
limits (ca. 45° F. to 95° F.). Wigglesworth (1950) has 
aptly reviewed the theory. 

Reid (1940) and Harukawa, et al. (1934) reported time- 
temperature data of H. cilicrura. These are difficult to 
apply as thermal constants, as they are not combined 
into single units (day-degrees) which in turn might be 
correlated with the developmental stage. These workers 
attested that the threshold of development of H. cili- 
crura was between 42° F. and 50° F. A more specific 
threshold of development was desirable from which 
thermal constants could be determined for egg, larval, 
and pupal development. By obtaining two sets of de- 
velopmental data at two different mean temperatures, 
the thermal constants will be the same for both sets only 
when the true developmental zero is used to compute 
the constants. Also, if one of the sets of data is com- 
posed of a number of partial developmental times oc- 
curring at seperate mean temperatures, the accuracy of 
estimating the threshold of development will be in- 
creased. The above reasoning assumes that a single thresh- 
old of development is applicable to all stages of de- 
velopment. 

These studies were initiated to provide information on 
the thermal constants of H. cilicrura under Wisconsin 
conditions. Through their use the theoretical seasonal 
occurrence of the seed-corn maggot could be compared 
with field data. The results are preliminary, but a logical 
extension of thermal constant data might be used in 
estimating “fly-free” dates. 

Metunops.—Developmental records were kept on 
eight cultures of seed-corn maggots, starting with mean 
egg deposition and ending with mean adult emergence. 
Peas planted in shallow pans filled with sifted loam were 
used as larval food. The cultures were maintained in an 
insectary where a thermograph was used to record varia- 
ble air temperatures. These data were used in determin- 
ing the threshold of development. 

Developmental data were also obtained from cultures 
held at constant temperatures. Fifty newly-laid eggs were 


placed in a pan containing loam and planted peas. The 
eggs were held at 70° F. for two days and then incubated 
for twenty days at 51° F. Following this treatment the 
incubating temperature was raised to and maintained at 
73.4° F. until the adults emerged. 

The data from the insectary cultures were equated 
as K=y(t—a) and from the incubator cultures as 
K=y:(T,—a)+ye(t2—a) +y2(ts—a). The simultaneous so- 
lution for a estimated the threshold of development and 
for K the thermal constant for development from egg to 
adult. 

After estimating the threshold of development, ther- 
mal constants were determined for egg, larval, and pupal 
development. Daily records were taken from maggots 
developing in pea cultures. The number of days necessary 
for the development of a given stage was correlated with 
thermograph records. Thermal constants were computed 
by summating the daily mean temperatures above the 
threshold of development. No attempt was made to de- 
termine thermal constants for separate larval instars. 

Fifteen inverted cone traps baited with Peterson’s 
(1924) honey-yeast suspension were used to trap adults 
in Columbia County, Wisconsin. The traps, located in 
various cover types, were examined every few days. The 
number of adults captured was divided by the number of 
traps and the number of days the traps were set, giving 
an expression of adults per day per trap. As the traps 
were not examined every day the true peaks of incidence 
could only be estimated. The trapping studies were con- 
ducted solely to determine the number of generations, 
thus it was felt that examining the traps every few days 
would be sufficient. 

As adult emergence occurred, the number of soil day- 
degrees accumulating above the threshold of develop- 
ment since the previous generation was computed from 
soil thermograph records. Soil day-degrees, which ac- 
cumulate faster than air day-degrees in a vegetation-free 
area were used because the seed-corn maggot develops 
primarily in the soil. The probe of the thermograph was 
buried 2.5 inches below the surface in Carrington silt 
loam. The area in the vicinity of the probe was main- 
tained free of vegetation. An average of these data was 
considered as the thermal constant for a complete genera- 
tion. The theoretical number of generations for 1957 was 
determined by dividing the total day-degrees accumulat- 
ing above the threshold of development in the soil for 
the season by the thermal constant for a complete 
generation. 

Resutts.—The data from the insectary cultures in- 
dicated that a mean of 24.13 days at a mean temperature 
of 73.85° F. was necessary for the development of the 
species from egg to adult. The mean adult emergence 
from the incubator cultures after raising the temperature 
to 73.4° F. occurred 22 days later. Data from the in- 
sectary culture can be expressed as (using rounded fig- 
ures) 

K=24(74—a) (1) 


and from the incubator cultures as 


K=2(70—a)+20(51 —a)+22(73.4—a) 


K=2775—44a 
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The solution of equations (1) and (2) gives a, the thresh- . 


old of development equal to 49.95° F. and &, the thermal 
constant equal to 577.2 day-degrees. The threshold of 
development was rounded to 50° F. 

The results of the thermal constants studied indicated 
that approximately 46, 236 and 287 day-degrees were re- 
quired for egg, larval and pupal development, re- 
spectively, and that 572 day-degrees were required for 
development from egg to adult. These data are shown in 
table 1. The discrepancy between 577.2 and 572.5 day- 
degrees (table 1) is due to an unequal number of observa- 
tions. The former figure was calculated using eight cul- 
tures whereas 19 were used for the latter. 

The results of the trapping studies are shown in figure 
1. The graph indicates that four complete and two partial 
generations occurred in 1957. The peaks of adult inci- 
dence were estimated to have occurred on June 26, July 
16, August 5 and August 29. In table 2, the day-degrees 
required to pass from one peak to the next are listed. 


Table 1.—The number of day-degrees (DD) required for 
the development of H. cilicrura, based on insectary studies. 





STAGE OF DEVELOPMENT 


Egg Egg to 
Hatch Adult 


STATISTIC Larvae Pupae 


572.50 
22.19 


Mean DD 46.47 235.96 286. 
Standard deviation (s) 10.98 23.78 21.! 
Standard error of the 

mean (85) 3.88 8.41 (F 5.09 
CLi* 55.65 255.85 204.78 283.20 
CL.» 37.29 216.67 268. 561.80 
Number of cultures 8 8 8 19 
C.V.2 23.6% 10.1% 7.5% 3.9% 


AUGUST SEPTEMBER OCTOBER 


Relative incidence of seed-corn maggot adults. Columbia County, Wisconsin. 1957. 


The mean thermal constant required for a complete 
generation was found to be 600.7 day-degrees. 

During 1957, 3,156 day-degrees accumulated in the 
soil. This figure divided by 600.7 shows the theoretical 
number of generations to be 5.26. 

Discussion.—Under normal Wisconsin 
22.19 day-degrees represents 1 to 3 days. This is the 
standard deviation (s—table 1) of the mean day-de- 
grees required for development from egg to adult. Using 
this figure, it was possible to predict within 2 days when 
adults would emerge from two-thirds of the cultures. 

The dates of peak adult emergence are estimates only, 
as the traps were not examined every day. In making 
these estimates an attempt was made to select the 
median of the generation curve as the date for peak adult 
emergence. Daily mean temperatures were also con- 
sidered. Table 2 indicates that the third generation peak 


conditions 


Table 2.—Day-degrees required by H. cilicrura to pass 
from peak to peak of adult emergence. Columbia Co., Wis., 
1957. 





ESTIMATED DATES OF 
GENERATION Peak ApuLT EMERGENCE Day-DEGREES 

5/20 175 

5/26 547 

16 596 

3/5 635 

29 625 

end of season 590 

Mean (based on generations 1, 2, 3 and 4 only) 600. 
Standard deviation (s)= 40.5 
Standard error of the mean (s;) = 20.4 
CL:A= 656. 
CL,>= 544. 
C.V.c 6. 





® Upper confidence limits, P = 0.05. 
> Lower confidence limits, P =0.05. 


© Coefficient of Variation = — 
me. 


® Upper confidence limits, P =0.05. 
’ Lower confidence limits, P = 0.05. 


© Coefficient of Variation = 100. 
mean 
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occurred on August 5 even though a sharp dip in the 
curve occurred on that date. The dip was probably 
caused by reduced adult activity, as the daily mean 
temperature for August 5 was 13 degrees below normal. 

The four complete and two partial generations of the 
seed-corn maggot that occurred during 1957 agree well 
with the 5.26 theoretical generations. In making this 
comparison it should be borne in mind that enough day- 
degrees accumulated at the beginning and end of the 
season to equal slightly more than a complete generation. 

The average number of day-degrees accumulating for 
the four complete generations was 600.7, as shown in 
table 2. This figure is 28.2 day-degrees greater than the 
572.5 day-degrees found to be necessary for development 
from egg to adult and can be taken to represent the pre- 
oviposition period. An accumulation of 28.2 day-degrees 
represents 2 to 4 days under normal Wisconsin con- 
ditions. This figure is somewhat biased, for air tempera- 
tures, rather than soil temperatures, should be used in 
estimating the day-degrees required for maturation of 
the newly-emerged females. Ristisch & Schwardt (1949) 
reported a preoviposition period for caged adults of 10 
to 17 days, but were unable to estimate that of field 
adults. 

An interpretation of the data in table 2 suggest that 
the peaks shown in figure 1 represent distinct rather than 
overlapping generations. The maximum difference be- 
tween any two successive generations is 39 day-degrees. 
If an overlapping of generations occurred this difference 
would be expected to be considerably larger. As the 
variation encountered between the thermal constants for 


a complete generation is of normal magnitude (C.V.= 
6.7%), the data in table 2 may also shed light on a con- 
troversial subject among investigators, viz., whether 
the seed-corn maggot estivates during the hotter summer 
months. Had an estivation occurred of any extended 
period the variation between thermal constants for a 
complete generation would have been expected to be 
larger than it was. 
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Synthesis of Carboxy-Labeled C"-N,N-Diethyl-m-Toluamide, 
an Insect Repellent'” 


NaTHAN GREEN, Entomology Research Division, ‘Agr. Res. Serv., U.S.D.A. 


ABSTRACT 

For studies of the various properties of N,N-diethyl-m-toluam- 
ide, an outstanding all-purpose insect repellent, this compound 
Was prepared in radioactive form. The molecule was labeled in 
the carboxy position by carbonating m-toluene magnesium bro- 
mide with CQ, to give C'-m-toluic acid. The m-toluic acid 
chloride was then combined with diethylamine to give the final 
product, of which the specific activity was 5.7X 107 disintegra- 
tions per second per gram. 


Of the many thousands of chemicals screened as insect 
repellents (Smith et al. 1957) at the Orlando, Fla., 
laboratory, the best all-purpose repellent was N,N-di- 
ethyl-m-toluamide. 


C.H; 


During the last 5 years this compound has been subjected 
to rigid chemical, entomological, and pharmacological 


tests by the U. S. Department of Agriculture and the 
U.S. Army Chemical Corps. 

As a personal-use repellent applied to the skin, di- 
ethyltoluamide lasts longer than any other material 
tested by the Department’s entomologists. For example, 
in tests carried out against a dozen species of mosquitoes 
in Panama, Alaska, and in several States, diethyltoluam- 
ide at full strength on skin repelled the mosquitoes for 
3 to 8 hours (Gilbert et al. 1957), and when applied to 
clothing it provided protection against chiggers, ticks, 
and fleas for several days (Gouck & Gilbert 1955). 

Diethyltoluamide is more resistant to removal by 
wiping and shows more persistence under sweating con- 
ditions than other repellents. It is also more difficult to 
remove from skin by rinsing with water (Gilbert et al. 
1957). 

The repellent has also been found to have desirable 
cosmetic properties; it dries quickly on the skin to an 
1 Accepted for publication April 30, 1958, 

2 The help and cooperation of A. W. Lindquist, Fred Acree, Jr., in connection 


with this synthesis, and W. G. Bodenstein for taking photographs, are grate- 
fully acknowledged. 
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Fic. 1.—Carbonation apparatus. 


almost invisible film, which is not oily and has a slight 
pleasant odor. Pharmacological tests indicate that the 
material is safe to use on the skin and clothing when 
properly applied, but it may cause slight irritation if it 
gets into the eyes, and under severe sweating slight red- 
ness of the skin may appear temporarily. The acute 
dermal LD-50 for rabbits is about 10 ml./kg., the acute 
oral LD-50 for rats about 2 ml./kg. Rabbits treated with 
1 ml./kg. daily for 13 weeks showed only mild dermal 
irritation. 

In view of its low toxicity to warm-blooded animals, 
diethyltoluamide was registered by the U. S. Department 
of Agriculture and made available by industry for use 
by the public. The compound is now on the market under 
sveral proprietary names. 

Diethyltoluamide is a unique repellent in that it 
possesses a combination of desirable entomological, phar- 
macological, and chemical properties. For further studies 
of its skin absorption, metabolic fate, volatility, and 
other properties, the synthesis of diethyltoluamide with 
a radioactive carbon-14 in its molecule was undertaken. 
This paper describes this synthesis. Results of studies 
with the radioactive repellent will be reported by other 
scientists of the Department. 

The tagged compound was synthesized by carbonation 
of m-toluene magnesium bromide with radioactive 
C'O., to give carboxy-labeled m-toluic acid. As outlined 
by McCabe et al. (1954), the acid was converted to 
the acid chloride, which in turn was reacted with di- 
ethylamine to give the desired product. The reactions 


follow: 


CHs-CsH,-Br+ Mg—CH;-C,Hy-MgBr 
CH3;-CsH,-MgBr+C"O,—CH;-CsH,-C“OOH 
CH;-CsH.-C“OOH + SOCI,—CH3-C,H,-C“OC! 
CH3-CsH,-C“OC]+ HN (C2H5)2>CH3-CsH y-C“ON(C2Hs)» 


MaTERIALS.—m-Bromotoluene and diethylamine were 
redistilled C.P. chemicals. 

Thiony! chloride was specially purified (Blatt 1943). 

Radioactive barium carbonate (223 mg.), obtained 
from Oak Ridge National Laboratory, had a total ac 
tivity of 10 millicuries. 

Ethyl ether and benzene were anhydrous C.P. sol- 
vents dried over sodium. 

Apparatus.—The manifold, A, shown in figure 1, was 
specially constructed as described by Calvin et al. (1949). 

To enable stirring in an evacuated system, a Lew 
magnetic stirrer, H (Scientific Glass Apparatus Co.), con- 
nected to a wire stirrer of the Hershberg type (1936) 
was employed. 

The acid was chlorinated in a 50-ml. cylindrical re- 
action flask, equipped with a female 24/40 ground joint 
at the top and a stopcock at the bottom. 

A count-rate meter (Nuclear Instrument No. 1615B) 
equipped with a thin-window GM tube was used to de- 
tect radiation and monitor the experiment. The specific 
activity of the final product was determined by using a 
Berkeley Decade Scaler with a GM tube having a window 
thickness of 1.4 mg./em.? 

ProcepuRE.—Preparation of Grignard Reagent.—In a 
500-ml. flask 1.7 grams (71 millimoles) of magnesium was 
mixed with 11.1 grams (65 millimoles) of m-bromotoluene 
and 50 ml. of anhydrous ether. After refluxing and stirring 
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Fic. 2.—Infrared spectra of N,N-diethyl-m-toluamide. 


the mixture for 1 hour, the reaction appeared to be com- 
plete, but stirring was continued for another hour. 
Insoluble matter, formed from impurities in the magne- 
sium metal, was removed by filtration through a plug 
of cotton. The filtrate plus ether rinsings of the flask and 
cotton were collected in a graduated separatory funnel, 
and the volume was adjusted to 165 ml. The mixture 
was shaken and allowed to stand uritil the debris had 
settled. Fifteen ml. of the solution, containing most of 
the debris, was discarded, and the remaining solution 
was used for the subsequent reaction. The yield esti- 
mated on the basis of two dry runs was 50 millimoles, or 
85%. 

C'~.m-Toluic Acid—This reaction was carried out 
essentially as described by Dauben et al. (1947). The 
Grignard solution was introduced into a nitrogen-swept 
300-ml. pear-shaped flask, B, attached to the manifold 
A, and, after chilling with liquid nitrogen in C, the sys- 
tem was evacuated to a pressure of Jess than 1 mm. of 
mercury. The manifold and flask were then isolated from 
the pump at D, and the reaction mixture was maintained 
at a temperature of —20° C. Carbon dioxide was gener- 
ated by adding slowly 50 ml. of concentrated sulfuric 
acid from funnel E to flask F, which contained 7.4 grams 
of barium carbonate mixed intimately with the 223 mg. 
of radioactive barium carbonate (38 millimoles). The 
reaction mixture was stirred until most of the carbon 
dioxide was absorbed, as indicated by the drop in pres- 
sure registered by the manometer G. The last traces of 
‘arbon dixoide were drawn into the flask by again chill- 
ing it with liquid nitrogen. The mixture was worked up 
in the usual way by adding dilute sulfuric acid. The 
m-toluic acid was separated from nonacidic impurities 
by shaking the ether solution with a slight excess of 10% 
sodium hydroxide. The ether solution was discarded. 
After the alkaline solution had been acidified and allowed 


to stand overnight, the product was obtained in the form 
of large crystals. Recrystallization from isooctane gave a 
4.7-gram (90%) yield of a pale-gray product melting at 
105-106° C. 

C'-m-Toluic Acid Chloride and N,N-Diethyl-m-Tolua- 
mide.—To avoid excessive transferring of the radio- 
active materials, the acid chloride was not isolated. The 
4.7 grams of m-toluic acid was placed in the reaction 
flask and covered with 8.3 grams (100% excess) of thiony! 
chloride in 30 ml. of dry benzene. After the mixture had 
stood overnight protected by a drying tube, it was 
warmed with a heat lamp for 1 hour. The excess thiony! 
chloride and most of the benzene were removed by 
vacuum distillation. The product (ca. 10 ml.) was diluted 
with an equal volume of ether and slowly added with 
stirring to a chilled solution of 5.9 grams (80 millimoles) 
of diethylamine in ether. After refluxing, the reaction 
mixture was shaken with 60 ml. of water and the aqueous 
layer discarded. The ether phase was washed in turn with 
dilute hydrochloric acid, water, dilute alkali, and finally 
saturated brine. The product distilled at 94-95°/0.1 mm.; 
yield 5.45 grams (82%). 

The specific activity of the product was found, by 
comparison with a standard C“-sodium carbonate, to be 
5.7 X10’ disintegrations/second/gram. The product there- 
fore had a total activity of 8.4 millicuries. The overall 
yield on the entire synthesis was 75%, based on 38 milli- 
moles of barium carbonate. The refractive index of the 
dry-run product was 1.5217 at 25° C. These physical 
constants are in excellent agreement with those of 
McCabe et al. (1954), np*®=1.5206 and boiling point 
111° C./1.0 mm. 

ANALysis oF Propuct.—The infrared absorption 
spectrum of the C'-N,N-diethyl-m-toluamide, as a 
capillary film about 0.013 mm. thick, was compared 
with that of a purified sample on a double-beam spectro- 
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photometer (Perkin-Elmer Model 21). The spectra, 
shown in figure 2, are practically identical except at 
1710 cm.', where the radioactive compound has a 
greater absorbance. Additional spectra have indicated 
that this absorbance is probably due to the presence of 
1% of m-toluic acid. 
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Trithion and Ethion for Control of Two-Spotted Spider 
Mite on Cotton! 


W. J. Misrric, Jr., North Carolina State College, Raleigh 


ABSTRACT 


When control of the two-spotted spider mite, Tetranychus 
telarius (L.), was delayed until the first cotton leaves began to 
redden, it became necessary to reduce the existing level of in- 
festation to prevent further foliar injury which would otherwise 
have occurred very rapidly. If a long schedule of acaricidal ap- 
plications was to be avoided, it was necessary to disrupt the life 
cycle of the pest. Under warm, wet, cloudy conditions spider 
mite populations in check plots increased 6- to 10-fold by the 
eighth day following the initiation of replicated, small-plot field 
tests. The check plots were completely defoliated within 3 weeks. 


It was estimated that in years of severe infestations 
by the two-spotted spider mite (Tetranychus telarius 
(L.)), over 100,000 acres of cotton sustained a 40% re- 
duction in yield in the Southeastern United States 
(McGregor 1928). Control of this pest was based upon 
the utilization of: (1) natural enemies, (2) various cul- 
tural practices, and (3) chemicals effective only for con- 
trol of light infestations. 

During the first years that the chlorinated hydrocar- 
bon insecticides were used against injurious cotton in- 
sects, Newsom & Smith (1949) noted the occurrence of 
some unusual outbreaks of the two-spotted spider mite 
in many of the treated fields. Field experiments showed 
that these new insecticides were interfering with control 
normally effected by natural enemies of this pest. 

The incidence and severity of spider mite infestations 
increased throughout the Cotton Belt following wide- 
spread and intensive commercial use of the chlorinated 
hydrocarbon insecticides. Interest in spider mite control 
was keen at this time, and it was noted that sulfur did 
not satisfactorily control these pests in certain areas. 
Much work has been done since 1950 to develop more 
effective acaricides for control of spider mites on cotton, 
but publications pertaining specifically to control of the 
two-spotted spider mite have been few. 

In laboratory tests Mistric & Rainwater (1952) found 
that the two-spotted spider mite was significantly less 


One dust or spray application of Trithion or ethion was more 
effective than three dust or spray applications of parathion or 
Aramite at 4-day intervals. One dust or spray application of 
parathion or Aramite was not effective. One application of 0.25 
pound per acre of demeton spray, 0.25 to 0.5 pound of Trithion 
spray or dust, or 1.0 pound of ethion spray resulted in adequate 
control. One application of 1.0 pound per acre of ethion dust re- 
sulted in a high degree of control, but the results indicated that a 
second application of this material may sometimes be necessary. 


susceptible to certain organic sulfur compounds than was 
the desert spider mite, Tetranychus desertorum Banks, 
(Septanychus texrazona McGregor). When certain organic 
phosphorus toxicants were used, it was found that the 
relative susceptibility of the two species to these ma 
terials was greatly influenced by the stage of the spider 
mites. These investigators concluded that the difference 
in susceptibility between the two species was of such 
magnitude that it was important to determine the species 
of spider mites present in cotton fields, in order that 
proper materials and dosages could be applied to obtain 
satisfactory control. Gaines et al. (1952) confirmed these 
results and extended the work to include additional 
organic phosphorus and sulfur compounds. Sulfur dust 
failed to control the two-spotted spider mite, while 24.1 
pounds of sulfur per acre resulted in 90% control of the 
desert spider mite. The organic sulfur compounds tested 
exhibited no ovicidal effect upon eggs of the two-spotted 
spider mite or desert spider mite. Some of these com- 
pounds were effective against larvae of the desert spider 
mite hatching from eggs 4 days after application, but 
none of the compounds was effective against larvae of 
the two-spotted spider mite. 


1 Contribution from the Entomology Department, North Carolina Agricul- 
tural Experiment Station, Raleigh. Published with the approval of the Director 
of Research as Paper No. 916 of the Journal Series. Acce sted for publication 
April 30, 1958. 





Oel 


A 
spo! 
Smi 
et a 
Lei 
mo! 
the 
the 
mos 
wit 
Ara 
var’ 
1 
che 
in } 
Fiel 
por’ 
in 
foul 
acal 
mot 
cide 
fave 
mel 
1 
imp 
Hez 
the 
An 
fort 
fort 
mit 
mat 
also 
furt 
con 
ing 
par 
suff 
of a 
are 
\ 
trat 
flow 
(tal 
pre: 
row 
Ap 
Was 
| 
and 
exp 
roti 
rate 
wer 
eal 
| 
ap} 
pro 
hig’ 
cot 
cull 
the 


re 
or 
of 


<0 


October 1958 


Additional contributions on the control of the two- 
spolted spider mite on cotton are found in the reports of 
Smith & Bryan (1951), Young & Gaines (1953), Reynolds 
et al. (1953), Mistric & Martin (1956), and Lincoln & 
Leigh (1957). It may be concluded that of the nine or 
more species of spider mites known to attack cotton in 
the United States, the two-spotted spider mite is one of 
the most difficult species to control. In recent years the 
most consistent control of this pest has been obtained 
with demeton spray. Spray and dust formulations of 
Aramite and parathion have been widely used with 
variable degrees of success. 

The difficulties encountered in obtaining satisfactory 
chemical control of the two-spetted spider mite on cotton 
in North Carolina have been reviewed by Mistric (1957). 
Field experiments on the control of this species were re- 
ported by Mistric (1957) under hot, dry, windy conditions 
in Cleveland County, North Carolina in 1956. It was 
found that dust formulations of two new experimental 
acaricides, ‘Trithion and ethion (Niagara 1240), were 
more effective than dusts of the recommended acari- 
cides, parathion and Aramite. Trithion dust compared 
favorably with demeton spray, the most effective recom- 
mended acaricide. 

The two-spotted spider mite was the second most 
important pest of cotton in North Carolina in 1957. 
Heavy infestations of this pest occurred over much of 
the cotton acreage in Nash County by August, 1957. 
An investigation was begun to obtain additional in- 
formation concerning the effectiveness of dust or spray 
formulations of currently recommended acaricides (Ara- 
mite and parathion) and certain promising experimental 
materials (Trithion and ethion). Demeton spray was 
also included. The primary objective of the study was to 
further explore the possibility of developing adequate 
control measures with acaricidal dusts, either by follow- 
ing a regular schedule of applications with Aramite or 
parathion or by using Trithion or ethion at a dosage 
sufficiently high to make the use of a regular schedule 
of applications unnecessary. Results of this investigation 
are herein reported. 

Metnops AND Martertats.—Emulsifiable concen- 
trates of demeton, parathion, Aramite, and ethion and a 
flowable product of Trithion were used in experiment 1 
(table 1). Water emulsions were applied with a com- 
pressed air sprayer through two hollow-cone nozzles per 
row at the rate of approximately 6 gallons per acre. 
Applications were made in late afternoon when the air 
Was nearly calm. 

Dust formulations of 1% parathion, 3% Aramite, 2% 
and 4% ethion, and 1% and 2% Trithion were used in 
experiment 2 (table 1). Dusts were applied with a 
rotary hand duster through one nozzle per row at the 
rate of approximately 25 pounds per acre. Applications 
were made in early evening when the air was nearly 
calm. 

Experiments 1 and 2 were located in separate fields 
approximately 2 miles apart. Both test fields were ap- 
proximately 5 acres in size and bordered the same rural 
highway. The test fields were planted to Coker 100 Wilt 
cotton during the latter part of April and fertilized and 
cultivated in accordance with good farm practices for 
the area. Chlorinated hydrocarbon insecticides were ap- 
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Table 1.—Field experiments on chemical control of two- 
spotted spider mite on cotton in 1957. 








Pounps 
AcTIVE 
AcaRIcIDE INGREDI- 
AND NuM- ENT PER Pretreat- Per Cent Repuction iN INFESTATION ON 


FER OF ACRE PER MENT Days Inpicatep ArrerR TREATMENT 
Appuica- Appiica- INFESTA- § ————— we 

TIONS TION TION® + 8 12 Average 

Experiment 1, Sprays August 15 
Aramite, 1 0.98 38.1 +292.1 + 334.5 + 349.1 +325.2 
Parathion, 1 .26 30.0 +150.5 + 45.2 + 64.8 + 86.8 
Aramite, 3 . 86 37.1 +203.6 + 27.0 92.6 + 46.0 
Parathion 3 -27 37.0 +126.0 92.8 99.6 22.1 
Ethion, 1 59 37.5 79.5 82.6 77.8 80.0 
Ethion, 1 1.13 27.6 86.2 100.0 99.9 95.4 
Trithion, 1 .26 33.7 93.6 99.8 99.0 97.5 
Trithion, 1 57 43.7 82.0 99.9 99.8 93.9 
Demeton, 1° .27 37.4 95.3 86.7 91.0 91.0 
Check¢ 37.9 +414.9 +1040.1 +1068.9 +841.3 
Experiment 2, Dusts August 22 

Aramite, 1 0.72 55.8 + 58.1 + 182.6 + 212.4 +151.0 
Parathion, 1 .24 56.9 + 17.3 + 310.7 + 233.2 +187.1 
Aramite, 3 75 55.0 + 35.5 + 8.9 76.5 10.7 
Parathion,3 =. 25 53.6 28.9 8.5 64.9 34.1 
Ethion, 1 . 52 47.9 94.9 58.3 22.5 58.6 
Ethion, 1 1.00 57.0 97.1 71.1 58.0 75.4 
Trithion, 1 .28 50.1 99.9 93.0 91.9 94.9 
Trithion, 1 . 56 49.7 100.0 99.9 98.6 99.5 
Check® 41.2 +250.8 + 600.4 + 650.8 +500.7 





® Average number of spider mites per leaf 1 day before applications. 
> Applied at approximately 6 gallons per acre. 

© Replicated outside randomized block design. 

3 Applied at approximately 25 pounds per acre. 


plied to these fields at regular intervals until August 5 
for control of the boll weevil and the bollworm. 

The experiments were located near the center of each 
field since the margins of the fields were severely dam- 
aged from early spider mite infestations. The experiments 
were conducted during the period when the cotton crop 
began to mature. Treatments were applied as soon as 
the first cotton leaves began to redden. 

A randomized block design was used in each experi- 
ment. Each treatment was replicated three times. Three 
replicates of demeton and the check were included 
around the exterior of this design, and these replicates 
were separated from one another and from the basic 
design by untreated buffer areas. Each plot was four 
rows wide and 53 feet long (1/60 acre). Plots in experi- 
ment 1 were separated by two untreated buffer rows and 
10-foot alleys, while plots in experiment 2 were separated 
by five untreated buffer rows and 30-foot alleys. 

Pretreatment infestation counts were made on 10 
leaves per plot (5 leaves on each of the 2 middle rows). 
Leaves infested with 20 to 100 spider mites were selected 
and tagged on various parts of the plants. All active forms 
of immature and adult mites were included in the records. 
Post-treatment counts were made on the original 10 
leaves selected in each plot. In the check plots and in 
those plots where treatments were ineffective, some of the 
tagged leaves became desiccated or fell from the plants 
during the latter part of the tests. In these instances the 
records were made on the leaf nearest to the originally 
tagged leaf. A mite was considered alive when any move- 
ment was observed in the specimen when viewed through 
a 10X lense. It was sometimes necessary to probe the 
mites to determine whether they were dead or alive. 

The experiment with sprays was conducted from 
August 14 to 27 and the experiment with dusts from 
August 21 to September 3. During the period of August 14 
to September $ heavy dews occurred frequently, the 
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atmosphere was generally cloudy to partly cloudy, air 
movement was extremely variable, and daily maximum 
temperatures ranged mostly from 70° to 95° F. The fol- 
lowing amounts of rainfall were recorded on the dates 
indicated during the investigation: 
Date Inches of Rainfall 
August 16 0.13 
18 0.50 
19 2.42 
25 0.24 
26 0.50 
27 0.45 


Sept. 2 0.38 


Resutts.—The experimental design does not provide 
for a comparison between dusts and sprays. However, 
since the results with dusts and sprays were generally 
similar, these results were treated collectively to facilitate 
the discussion. Criteria used in determining the adequacy 
of control included percentage reduction in infestation 
(table 1), defoliation and reddening of leaves, and devel- 
opment of spider mites under treatment. 

One dust or spray application of parathion or Aramite 
did not effectively control the two-spotted spider mite. 
Three dust or spray applications of either of these ma- 
terials at 4-day intervals resulted in an appreciable de- 
gree of control by the fourth day following the third 
application. However, some damage was sustained while 
this control was being established. Furthermore, the con- 
trol obtained with three dust applications of these acari- 
cides indicated that it was probable that additional ap- 
plications would be required for adequate control. 

One dust or spray application of Trithion or ethion was 
more effective than three dust or spray applications of 
parathion or Aramite. One application of 0.25 pound per 
acre of demeton spray, 0.25 to 0.5 pound of Trithion 
spray or dust, or 1.0 pound of ethion spray resulted in 
adequate control. The one-pound dosage of ethion dust 
resulted in a high degree of control, but the results in- 
dicated that a second application of this material may 
sometimes be necessary. 

Defoliation was closely associated with the degree of 
control obtained with different treatments. The check 
plots were completely defoliated 3 weeks after the in- 
itiation of each experiment. Plots receiving one applica- 
tion of Aramite or parathion were approximately 75% 
defoliated. Plots treated with demeton, either of two 
levels of Trithion dust or spray, or the one-pound dosage 
of ethion spray retained approximately 85% of the 
original leaves, and no additional discoloration of the 
foliage was apparent. Defoliation or additional reddening 
of the leaves ranged between these extremes of plant 
injury in the other treatments. 

All stages of spider mites were continually observed in 
the plots treated with parathion or Aramite, although it 
appeared that parathion was much more effective against 
the older nymphs and adults than it was against less 
mature stages. Aramite was much more effective against 
all stages of mites on the uppermost leaves than it was 
against mites on other leaves, indicating that coverage 
may be extremely important to the effectiveness of this 
material. 

Mostly adult spider mites were observed in the plots 
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treated with either of two levels of Trithion spray, the 
one-pound dosage of ethion spray, or the one-half pound 
dosage of Trithion dust. These adult mites were probably 
migrating, and they did not establish colonies during the 
12-day post-treatment period. 

Spider mites in all stages of development were observed 
in the plots treated with either of two levels of ethion 
dust, the one-fourth pound dosage of Trithion dust, and 
the one-half pound dosage of ethion spray. All stages of 
mites were found only on a few of the lowest leaves in 
the plots treated with demeton. These treatments did not 
completely inhibit spider mite development during the 
12-day post-treatment period. 

A heavy rain and high wind occurred during the experi- 
mental period. Water and soil were splashed upward 
abount 6 inches to the underside of the lowest leaves of 
the plants. Observations made following this rain showed 
that when the soil particles on these leaves were brushed 
apart a considerable number of spider mites were found 
crawling within the incrusted matter. The rain appeared 
to temporarily inhibit a further increase in the number 
of mites on the lowest leaves. However, the mite popula- 
tion continued to increase on the other leaves of the 
plants. 

The results of this investigation and that of Mistrie 
(1957) showed that populations of the two-spotted spider 
mite reacted in a similar manner under hot, dry, windy 
conditions on the heavy, clay hills of Cleveland County 
and under warm, wet, cloudy conditions on the light, 
sandy, level soil of Nash County. At both locations the 
mite populations were studied following the use of chlori- 


nated hydrocarbon insecticides for the control of cotton 
insects. The effectiveness of various acaricides was similar 
under the different environmental conditions encountered 
at each location. 
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Field Studies in the Control of Orchard Mites in 1957! 


Merrit L. CLEVELAND, Entomology Research Division, Agr. Res. Serv., 


U.S.D.A., 


Vincennes, Ind. 


ABSTRACT 


The effectiveness of early-season sprays against the European 
red mite (Panonychus ulmi (Koch)) and of summer sprays against 
both this mite and two-spotted spider mite (Tetranychus telarius 
(L.)) on apples was studied. An oil at the green-tip stage (March 
26) or one to three applications from April 19 (bud-pink) to May 
20 (second cover) of Tedion, Genite, Chlorbenside, demeton, 
Thimet, ovex (both the standard and an experimental (Dow 
M-928) formulation), Chipman R-6199, schradan, or p-chloro- 
phenyl benzene sulfonate (Fenson) were effective for at least 


60 days after petal fall. A dormant oil-dinitrocresol spray was 
less effective. Single applications of Kelthane, Hercules AC-528, 
and Guthion early in July gave less than one mite per leaf, and 
of demeton, Thimet, Trithion, Aramite, Chipman R-6199, 
Chlorobenzilate, and ethion (Nialate) less than four mites per 
leaf after 4 weeks. Ovex in both formulations was not effective so 
long as the other materials, but two applications of the standard 
formulation gave excellent control. None of the materials injured 
fruit or foliage. 


Availability of a block of Red Delicious apple trees 
with a large, well-distributed number of overwintering 
eggs of the European red mite (Panonychus ulmi (Koch)) 
led to tests in the spring of 1957 comparing several early- 
season acaricide schedules. Summer schedules were tested 
in a block of Golden Delicious apple trees that had a 
well-distributed population of both the European red 
mite and the two-spotted spider mite (Tetranychus 
telarius (L.)). 

Application and sampling techniques were basically 
the same in both series of tests. Sprays were applied with 
a conventional hydraulic sprayer operating at a pressure 
of 600 p.s.i., by one man using a single-orifice spray gun. 
All trees were sprayed to the point of run-off. Both blocks 
were located in commercial orchards and, except for the 
acaricide applications, all trees in each one were treated 
alike for the control of insects and diseases. 

Results were determined from 100-leaf samples taken 
periodice ally during the season. These samples were 
arried to the laboratory in quart-size ice-cream cartons, 
where they were brushed with a brushing machine (Hen- 
derson & McBurnie 1943) and the mites counted. Counts 
were made by a modification of the method described by 
Klostermeyer & Rasmussen (1956). 

In the Red Delicious block of trees 17 acaricide sched- 
ules were compared on single trees in two replications. 
The times of application were as follows: dormant, 
March 6; green tip, March 26; pink, April 19; calyx 
April 30; first cover, May 9; and second cover, May 20. 
The materials tested included two spray oils, Tedion, 
Genite, Chlorbenside, demeton, Thimet, a standard and 
an experimental (Dow M-928) ovex formulation, Chip- 
man R-6199 (water-soluble formulation), schradan, and 
p-chlorophenyl benzene sulfonate (Fenson). In the 
dormant application dinitrocresol was added to the oil. 
The specifications of the oils were: 


No. 522 No. L-1544 
Viscosity (SSU) at 100° F. 96-104 97.5 
Gravity (° APT) 27-31 33.7 
Viscosity index (ASTM) 67 86 
Unsulfonated residue (%) 90 97.6 
Pour point (° F.) 25 30 


The results of these tests are summarized in table 1 
All treatments except the dormant dinitrocresol-oil 
schedule were effective for at least 60 days after petal 
fall. When the experiment was concluded on June 25, 
trees receiving Tedion, Thimet (single application at 


Table 1.—Effectiveness of early-season spray treatments 
in controlling the European red mite. 








No. ApuLts AND NyMPHs PER 100 LEAVES ON 


May 1 “May 4 Mey 28 June 11 June 25 


Time or APPLICATION 
AND MATERIAL PER 
100 GALLONS 





Check (no acaricide) 135 55 470 620 1440 
Dormant 
Oil 522 3 gal.+dinitrocresol 
(40% WP) 1 Ib. 13 9 29 305 700 
Green 
Oil I 1544 2 gal. 4 1 17 120 180 
Pink: 
Chlorbenside (40% WP) 1 Ib. 0 0 0 23 46 
Demeton (28.5% EC) ? pt. 12 0 1 5 22 
Genite (50% EC) 1} pt. 1 1 3 15 75 
Tedion (25% WP) 1 Ib. 15 13 43 305 175 
Calyx 
Cc in R-6199 (719% WS) 2 
oz. 46 4 + J 25 
Demeton (28.5% EC) } 7 30 0 4 19 52 
Schradan on . C) 1} p 29 27 $ 33 68 
Thimet (47.5% EC) 3 dy 41 0 0 28 160 
Calyx and first cover: 
Chipman R-6199 (71% WS) 1 
oz. 57 6 1 7 45 
Demeton (28.5% EC) } p 30 0 0 I 60 
Thimet (47.5% 4, EC) j sag 27 0 1 $ 70 
Calyx and second cover: 
Fenson (50% W P) }and } lb. 57 4 2 4 18 
Ovex (50.% W P) }and } Ib. 26 30 3 28 110 
Pink, calyx, and second cover: 
Ovex, standard (50% WP) 3, 
}, and 4 lb. 4 1 0 7 105 
Ov: ex, Dow M-928 (25% WP) 
4, 4, and 1 Ib. 8 0 0 0 28 





calyx), and the standard ovex had less than two active 
mites per leaf and others less than one. The most effective 
treatment was Fenson, which reduced the population to 
0.18 mite per leaf on June 25, when the check trees had 
14.4. None of the materials exhibited a phytotoxic effect 
on the fruit or foliage. 

In the summer tests demeton, Thimet, Trithion, 
Aramite, ovex, Guthion, Chipman R-6199, Chloro- 
benzilate, Kelthane, ethion, and Hercules AC-528 were 
applied to plots of three trees each on July 2 and 3. There 
was an additional application of standard ovex on July 18. 

The results are summarized in table 2. The mite popu- 
lation varied widely between treatments at the start of 
the experiment, but this variation is thought to have had 
little effect on the final results. Kelthane, Hercules AC- 
528, and Guthion were outstanding. After 28 days trees 


1 Accepted for publication May 2, 1958. 
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Table 2.—Effectiveness of summer sprays in controlling the European red mite and the two-spotted spider mite. 
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NUMBER OF ADULTS AND NYMPHS PER 100 LEAVES ON 


July 2 


Red 2-Spotted 


MATERIALS PER 100 GALLONS* Mite Mite 
Check—no acaricide 780 580 
Aramite (15% WP) 14 lb. 3500 320 
Chipman R-6199 (71% WS) 2 oz. 2350 130 
Chlorobenzilate (25% WP) 14 |b. 950 80 
Demeton (28.5% EC) } pt. 1540 300 
Ethion (25% WP) 1 lb. 700 300 
Guthion (15% WP) 24 Ib. 2450 150 
Hercules AC-528 (25% WP) 1 |b. 640 340 
Kelthane (25% WP) 2 lb. 6840 520 
Ovex: 

Standard (50% WP) 3 lb.» 1730 300 
Dow M-928 (25% WP) 1 lb. 1420 70 
Thimet (47.5% EC) ¢ pt. 2200 640 
Trithion (25% WP) 1 lb. 480 250 


July 30 


July 9 July 16 

Red 2-Spotted Red 2-Spotted Red 2-Spotted 
Mite Mite Mite Mite Mite Mite 
1900 1220 1100 5980 2860 3760 
525 0 73 2 380 10 
505 20 39 1 145 10 
6 0 13 2 160 20 
190 19 21 10 165 160 
8 0 13 10 105 30 
525 15 10 1 32 g 
6 0 3 + + 6 
+ 2 t 2 6 4 
85 25 230 95 12 12 
40 0 13 12 190 520 
125 0 26 0 150 20 
2 8 17 3 110 5 





* Acaricides applied on July 2 or 3, 1957. 
> Resprayed July 18. 


sprayed with them supported less than one mite per leaf, 
whereas trees sprayed with other materials, except stand- 
ard ovex, supported one to four mites per leaf and the 
untreated trees 66. The effectiveness of ovex was of 
shorter duration than that of the other materials. This 
was shown by the greater number of mites 14 days after 
application of the standard and 28 days after applica- 
tion of Dow M-928. A second application of the standard 
ovex resulted in excellent control. 
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New Organophosphate Insecticides Developed on Rational Principles' 


R. D. O’Brien, G. D. THorn and R. W. FisHEr? 


ABSTRACT 

A new selective insecticide, acethion (0,0-diethyl S-carbo- 
ethoxymethyl phosphorodithioate), and a number of related 
compounds exhibiting selective toxicity have been prepared. 
They demonstrate the principle that variations in carboxyester- 
ase activity between different species can be utilized to obtain 
selective toxicity, by inserting a carboxyester grouping near the 
phosphorus of a phosphorothionate anticholinesterase. The 
metabolism of these compounds by mouse liver and by some 
insect preparations has been studied. Acethion is rapidly de- 
graded in the liver to yield principally acethion acid. 


Malathion (0,0-dimethy1] S-(1,2-bis-carboethoxy ethyl] 
phosphorodithioate) is a good insecticide with a remark- 
ably low toxicity to mammals. March et al. (1956) sug- 
gested that this differential toxicity was associated with a 
more extensive degradation in the mammal than in the 
insect. Recent studies suggested that the low mammalian 
toxicity was due to the vigorous hydrolytic degradation 
of malathion (or of its metabolite, malaoxon) in the liver 
(O’Brien 1957a); the cockroach was observed to degrade 
these compounds much less readily. The hydrolysis was 


considered to occur at the carboxylic ester bond. 

That hydrolysis of the carboxylic ester bond should 
lead to a lowering of the toxicity of these compounds was 
expected, since it introduces the strongly nucleophilic 
carboxylate ion (at physiological pH) which would stabi- 
lize the P—S—C bond and thereby produce a poor anti- 
cholinesterase (Burgen 1949, Aldridge & Davison 1952, 
Spencer & O’Brien 1953). Furthermore, there was reason 
to hope that the degradative esterase would be relatively 
non-specific, since malathion is an exotic compound. 
Consequently, it was suggested that, in general, the in- 
troduction of a carboxyester group into an organophos- 
phorus anticholinesterase should confer the property of 
selective toxicity towards the insect as compared with the 
mammal; that this effect would be strongest if the car- 
boxyester group were near to the phosphorus, and that it 
would be particularly marked in thionophosphates, where 
the lag in poisoning, which is caused by the need for 

1 Contribution No. 130, Science Service Laboratory, University Sub Post 
Office, London, Ontario. Accepted for publication May 2, 1958. 
2 The authors would like to express their gratitude to Dr. H. Martin for his 


encouragement of this work, and thank R. A. Latimer for carrying out the 
elemental analyses. 
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oxidation of the thiono group, would give time for the 
detoxifying hydrolysis to occur (O’Brien 1957b). 

The above hypothesis has now been tested by the prep- 
aration and examination of a number of compounds. 
They are referred to below as follows: acethion (0,0- 
diethyl S-carboethoxymethyl phosphorodithioate); ace- 
toxon (0,0-diethyl S-carboethoxymethyl phosphoro- 
thiolate); prothion (0,0-diethyl S-carboethoxyethyl 
phosphorodithioate); propoxon (0,0-diethyl S-carbo- 
ethoxyethyl phosphorothiolate); methyl methprothion 
(0,0-diethyl S-1 (2-carbomethoxy) propyl phosphoro- 
dithioate; acethion acid (0,0-diethyl S-carboxymethyl 
phosphorodithioate); acethion amide (0,0-diethyl S- 
carbamidomethyl phosphorodithioate); ketothion (0,0- 
diethyl S-acetonyl phosphoridithioate). Of these com- 
pounds (whose formulae are given in table 1), acethion 
amide and methyl methpropthion have been reported 
before (Hoegberg & Cassaday 1951, Melnikov & Shvet- 
sova-Shilovskaya 1952). 

Metuops.—Preparation.—The esters were prepared by 
either of two procedures, as shown in table 1. 

Method A.—Essentially the method of Hoegberg & 
Cassaday (1951) was followed. To an acetone solution 
of the anhydrous K or Na salt of 0,0-diethy! phosphoro- 
thioic or phosphorodithioic acid (Mastin et al. 1945) was 
added a stoichiometric amount of the apppropriate 
haloacetic or propionic acid derivative. Where chloro 
compounds were used, it was found advantageous to 
add a crystal of potassium iodide to the mixture. The 
mixture was heated under reflux for 6 to 12 hours. The 
acetone was removed on a rotary evaporator and water 
and ether added to the residue. The ether layer was dried 
with sodium sulfate. The residue after removal of the 
solvent was then distilled in vacuo. 

Method B.—To 0O,0-diethyl phosphorodithioic acid 
was added the appropriate acrylate (1.10 mole) and the 
mixture heated at 100° for 8 hours (Norman et al. 1952). 
The product was distilled in vacuo. 

Toxicity —House flies (Musca domestica L.) were of the 
“London Susceptible” strain reared in this laboratory 
according to the method of Fisher & Jursic (1958). Mice 
were 6-week-old females obtained from Rockland Farms, 
New City, N. Y. For assay of insecticidal properties the 
compounds were dissolved in acetone and applied to the 
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dorsal side of the thorax of house flies at the dosage of 
1 ul. per fly. Ten males and 10 females were treated at 
each concentration and left for an observation period of 
20 hours; LDwo’s were estimated from probit-regression 
lines. Female cockroaches (Periplaneta americana (L.)) 
were injected abdominally with an Agla syringe and ob- 
servations made after 4 days. 

For mice, ethanolic solutions of the compounds were 
forced through a hypodermic syringe into 0.9% NaCl 
containing Atlas detergent 8-916P. The resulting sus- 
pensions were injected intraperitoneally at a dosage based 
on 0.5 ml. for a 20-gm. mouse. Minimum lethal doses 
were based on mortality at 20 hours. 

Chromatography and Acethion Hydrolysis.—21.5 mg. 
of acethion in 0.1 ml. ethanol was added to a homogenate 
of 1 gm. of mouse liver in 10 ml. NaCl 0.9% with 5 ml. 
0.05M tris(hydroxymethyl)aminomethane buffer pH 7.2. 
The beaker was shaken at room temperature for 1 hour, 
then 2 ml. of 70% perchloric acid were added, the solution 
was filtered and extracted three times with equal volumes 
of chloroform, whose volume was then reduced to 2 ml. 
Thirty-ul. samples were used for chromatography. The 
first solvent used was isopropanol ammonia 2.5:1. The 
alternative system required pre-soaking of the paper in 
0.2M acetate buffer pH 3.6, followed by air drying; the 
developing solvent was a 1:5 mixture of this buffer with 
isopropanol. In both cases, Whatman No. 1 paper was 
used, with an ascending system. The method of detection 
first used was the acid-molybdate spray of Hanes & Isher- 
wood (1949). However, O0,O0-diethyl phosphorodithioic 
acid in small quantities was not detected, and the sen- 
sitivity to other phosphates was inadequate. Dr. H. T. 
Gordon (Berkeley, Calif.) suggested the use of 2,6 di- 
bromoquinonechloroimide (1% in acetone). This reagent 
was very successful and sensitive, giving intense spots 
with all thiophosphate compounds tested; some gave 
colours immediately, others after heating 1 hour at 85° C., 
a procedure which was routinely followed. When the spots 
were intense, there was a clear distinction between the 
rust-coloured spots given by, e.g., O,O-diethy! phosphoro- 
dithioic acid and the rose-coloured spots given by, e.g., 
0,0-diethyl phosphorothioic acid. 

For the studies on microsomal degradation of acethion 
and acethion acid, 3 mg. of the compound in 0.1 ml. 


X 


T 
Table 1.—Esters of thiophosphoric acids (C.H;O).-P-S-CH.R 








Per CENT 
PHOSPHORUS 


Calcu- 


B.P. REFRACTIVE Density METH- 

GIVEN NAME R X (° C./mm.) INDEX 22° oD YIELD lated Found 
Acethion CO.C2H; S 108-9/0.5  1.5000/22.5° 1.17 \ 78.5 11.4 11.0 
Acetoxon COeC2H; O 94-7/0.03 1.4613/24° 1.17 A 75 1¢.3 12.1 
Acethion acid CO.H Ss —- 1.5188/23° 1.27 A 83 12.7 12.2 
Ketothion COCH; S 92/0.003 1.5133/23° 1.19 A 69 12.8 12.7 
Acethion amide CONH: S 58 . 5-59" a -- A 72 12.8 12.7 
Prothion CH.CO.C2H; S 90/0.001 1.4970/26° 1.15 A 58.3 10.8 10.6 
Propoxon CH.CO.C2H; O 95/0.04  1.4613/24° A 23.4 1.5 11.3 

B 72.7 
Methyl» methprothion CH(CH;)CO.CH; S 101-2/0.03 1.4993/24.5 1.16 B 10.8 10.8 





* Melting point, crystallized from CCl-hexane. Hoegberg & Cassaday (1951) give m.p. 57-! 
Mel’nikov & Shvetsoya-Shilovskaya (1952) give b.p. 154.5°/5 mm., np”? 1.4995, d® 1.15 
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Table 2.—Toxicity and anticholinesterase activity of 
acethion and related compounds. 





L.=LI Yoo Le= LD 50 I . plso 
Mouse Hovse Fiy - SERUM 
v/g.) (v/g.) Le ChE 
Acethion 1280 4 136 
Acetoxon 214 3.4 63 
Prothion 2600 104 25 
Propoxon 435 57 7.6 
Methprothion ‘a, 2000 60 >33 
Acethion acid 630 590 4 
Acethion amide 200 4. 50 
Ketothion 610 >2100 
Malathion 815 12 


or 


Se Oreo ~) 
we Or Sw 


we 
ome 7 
— 


wo 0 





aIso: Negative logarithm of molar concentration giving 50% enzyme in- 
I g ) 
hibition. 


ethanol were added to 1 ml. .05M tris (hydroxymethyl) 
aminomethane buffer pH 7.2 and 2.5 ml. of a preparation 
containing microsomes derived from a 10% homogenate 
of mouse liver in 0.9% NaCl suspended in the original 
volume of saline after a single washing. The following 
were added in 2.5 ml., in order to give the indicated final 
concentrations: MgCl. 0.031M, nicotinamide 0.017M, 
DPNH 6.3X10°*M. The suspension was shaken in an 
open beaker 1 hr. Fifty-ul. portions were then chroma- 
tographed without further extraction. 

Degradation of Acethion by Liver Slices and Insect Prep- 
arations.—The tissue was either (a) 3 gm. of minced 3- 
day house fly (mixed sexes), (b)3 gm. of minced cockroach 
(70 day) containing equal numbers of each sex, or (c) 
0.2 gm. of sliced female mouse liver (the liver content of 
3 gm. of mouse). The minces were prepared at 0° C. with 
a household meat-mincer. The tissue was added to 50 ml. 
of aerated Krebs-Henzeleit phosphate ringer (Umbreit 
et al. 1949) containing also 4% glucose. Two mg. acethion 
in 0.2 ml. ethanol were added, then at timed intervals 
1.5-ml. samples were removed and frozen rapidly in ace- 
tone-solid carbon dioxide. Later, the samples were thawed, 
filtered through glass wool, and 0.5-ml. portions were 
assayed against serum cholinesterase. 

Manometry.—Cholinesterase was determined by a 
manometric technique at 25° C. The serum cholinesterase 
preparation was made by diluting 66 ml. of human plasma 
with 100 ml. 0.067M phosphate buffer pH 7.4 and 34 ml. 
water. One ml. of this preparation was used in each flask, 
and at zero time inhibitor and other additions (where 
shown) to a volume of 2.5 ml. The pH was then 7.3. After 
1 hour (required for aerobic activation of the organophos- 
phate) 0.25 ml. 1.25% NaHCO; was added, giving a pH 
of 7.8, and the flasks were immediately transferred to the 
manometers and gassed with 5% CO, in No, giving a pH 
of 7.2. Substrate (0.2 ml. of 5% acetyl choline bromide) 
was tipped and readings begun at 90 m. from zero. 

Liver hydrolysis of the compounds was studied mano- 
metrically at 37° C. To 1 ml. of 20% liver homogenate was 
added 0.25 ml. of 1.25% NaHCO, and the flasks were 
gassed as above. The organophosphate (in 0.5 ml. of 10% 
ethanol) was then tipped in from the side-arm while the 
manometer was open, giving a final concentration of 
5X 107°M. Two minutes later the manometer was closed 
and readings commenced. This procedure was needed 
because tipping ethanol into bicarbonate solution gives 
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marked gas evolution, presumably by altering the solubil- 
ity of CO, in_the system and by shifting the pK of the 
system by an alteration in the dielectric constant of the 
medium. This evolution is completed within a few seconds, 

Resutts.—The toxicities of the compounds to the 
mouse and house fly are given in table 2 along with the 
anticholinesterase activity against serum cholinesterase, 
Very similar values were obtained with other cholines- 
terases: with erythrocytes, acetoxon had a pls of 7.7, 
methprothion a pls of 4.6; with fly head cholinesterase, 
acethion had a pls of 6.1, acetoxon 7.6; with cockroach 
nerve cord, acethion had a pls of 5.1, acetoxon 6.8. The 
most important results in table 2 are the toxicity data 
for acethion, which is seen to be more toxic to the fly 
and less toxic to the mouse than malathion. 

The rationale behind the development of these carboxy- 
ester-containing compounds depends on the consideration 
that the compounds should be detoxified in the mammal by 
hydrolysis of the carboxyester group. The results of table 
3 show that mouse liver homogenates did indeed hydro- 
lyze compounds of this type. Furthermore, acethion acid 
(the postulated hydrolysis product of acethion degrada- 
tion) was little affected, suggesting that the hydrolytic 
attack on acethion was at the carboxyester group. How- 
ever, this evidence was not conclusive: acethion could be 
attacked also at the P—S—C bond by a phosphatase. 
Phosphatases capable of attacking such compounds as di- 
isopropy! phosphofluoridate are known to exist in liver 
(Mounter 1955). Hydrolysis of the P—O—ethyl bond is 
another potential degradation route. It is possible that 
acethion might be subject to such hydrolysis whilst 
acethion acid might not. 

The product of C—O—C hydrolysis of acethion would 
be acethion acid. The product of P—S—C hydrolysis of 
acethion wou!4 depend on whether it was the P—S bond 
that was broken, as in most thiolphosphates, or the S—C 
bond, as is the case for the alkaline hydrolysis of mala- 
thion (W. H. Jura, private communication, based on 
polarographic data; also implied in Norris et al. (1954)). 
If it were the S—C bond, the product would be 0,0- 
diethyl pbosphorodithioic acid; if the P—S bond, the 
product would be initially 0,0-diethyl phosphorothionic 
acid; however, there is doubt as to whether this com- 
pound has any existence, as it quite probably rearranges 
to 0,0-diethyl phosphorothiolic acid; i.e. (EtO).P(S)OH 
to (EtO).P(O)SH (Mastin ef al. (1945)). As this rear- 
rangement would occur both in the synthetic product and 
in the postulated hydrolysis product of acethion at the 
P—S bond, we shall not have to distinguish between the 
thionic and thiolic acids, and shall term either of them 
“thioie acid.” 

Table 3.—Hydrolysis of acethion and related compounds 
by mouse liver.* 








Hypro ysis BY 
20% Liver? 


Non-Enzymic Hy- 
DROLYSIS RATE 


ComMPouND 

(5X 107°M) 
Acethion 1 31 
Acetoxon 0 42 
Methprothion s 16 
Acethion acid 0 2 





® Figures are uls. CO; liberated in first 30 mins. at 37° C, 
b Rate corrected for non-enzymic hydrolysis and for endogenous acidogenesis 
of liver. 
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Table 4.—Chromatographic analysis following liver action 
upon acethion.* 


O’BrIEN Er AL.: NEW ORGANOPHOSPHATE INSECTICIDES 


717 


Table 6.—Chromatographic analysis following microsome 
action on acethion and acethion acid.* 








HANeEs 
IsHER- 
woop 
Re- BROMOQUINONE 
AGENT REAGENT 


BROMOQUINONE 
REAGENT 


Relative 
Ry Intensity Color 


Hanes-IsHer- 
woop REAGENT 
Relative 

Ry Intensity 








Relative 
Rp Ry Intensity Color 


Whole liver +acethion / 0. 
0.! 


Whole liver 5 
Acethion : 0.85 
Acetoxon 

Acethion acid 0. 
0,0-diethyl phosphoric acid 
0,0-diethyl phosphorothioic acid 0.54 rose 
0.44 rose 
0 


0,0-diethyl phosphorodithioie acid .54 rust 





® Chromatography, in propanol-acetate, of chloroform extract of incubation 
mixture or of pure controls. Results from best of six chromatograms. 


Acethion was incubated with a homogenate of mouse 
liver and the products were extracted and chromato- 
graphed as described in ““Methods”. Propanol-ammonia 
solvent separated acethion from its possible degradation 
products, but these latter were not well resolved. Pro- 
panol-acetate buffer (pH 3.6) was much more satisfactory. 
The results (table 4) show that acethion was almost com- 
pletely degraded, and the principal product was acethion 
acid. There was a small amount of O,0-diethyl phos- 
phorodithioic acid produced, showing that there was 
some phosphatase action on the S—C bond. There was 
also a trace of a sulphur-containing compound of Rf 0.14, 
which might be O-ethyl phosphorodithioic acid or an 
oxidation product of 0,0-diethyl phosphorodithioie acid. 
Only those components extracted by chloroform from an 
acid solution would be detected in this experiment. 

Thionophosphates are usually activated (7.e. converted 
to more potent anticholinesterases) by the liver, and this 
activation has been shown to be accomplished by the 
microsomes, for the case of parathion (Davison 1955) and 
malathion (O’Brien 1957a). Mouse microsomes (with 
reduced diphosphopyridine nucleotide, magnesium and 
nicotinamide) were therefore incubated with the thiono- 
phosphates of the acethion type, along with serum 
cholinesterase; if activation occurs, a greater inhibition 
of cholinesterase is found with microsomes than without. 

The results (table 5) show that only in the cases of 
malathion and acethion amide was any activation de- 


Table 5.—Effect of mouse liver microsomes on acethion 
and related compounds.* 








ChE-+ Fortiriep 
MIcROSOMES 


ADDITIONS 


ChE Onty 


Acetoxon pl 7.0 25 
Acethion 
pl 5.5 39 
pl 5.0 70 
Prothion pI 3.0 43 
Methprothion pI 4.8 21 
Acethion acid pl 2.7 40 
Acethion amide pI 2.5 6 
Ketothion pl 4.5 30 14 
Malathion pI 3.2 46 77 


a 





a . . , . . . . 
“Microsome preparations included DPNH, magnesium and nicotinamide. 
Figures are per cent ChE inhibition. 
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trace 
trace 
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yellow 
grey 
brown 
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thet 
+ 


0.68 


0 
0.14 trace 
0.20 trace 
0.26 trace 


trace 
Microsomes alone 
yell Ww 


grey 
brown 


ome OMe 
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~w 
2 


Acethion 0.86 . 86 rose 


~ 
~ 


Acetoxon 0.86 .90 rose 


Acethion acid 6 0.63 .69 rose 





® Chromatography in propanol-acetate of whole incubation mixture, or pure 
controls. Results from best of seven chromatograms. 


tected; in all the other compounds there was a degrada- 
tion. Since this was true for ketothion and acethion acid, 
there must be degradation by a phosphatase action; in 
the other cases there might have been esterase degrada- 
tion as well. In order to investigate the route of degrada- 
tion by microsomes, chromatographic analyses were 
carried out on the products following incubation of ace- 
thion and acethion acid with microsomes. The results 
(table 6) show that only acethion acid was produced from 
acethion and that acethion acid itself gave no detectable 
new products. The five components given by the micro- 
somes alone (all absent from the experiments of table 4) 
are seen here because solvent extraction of the system 
was unnecessary. 

The final point to prove, in order to demonstrate that 
low toxicity was associated with rapid degradation, was 
that the insect degraded this type of compound far Jess 
readily than the mammal. Figure 1 shows that mouse liver 
slices were observed to degrade acethion extremely 
rapidly, more than 90% being eliminated, at room tem- 
perature, in 30 minutes. Minced house fly preparations, on 
the contrary, showed a slight activating activity. Minced 
cockroach was effective in degrading acethion, although 
far less so than mouse liver. This degradative activity 
should bestow upon the cockroach a considerable resist- 
ance to acethion poisoning; the LDso against the cock- 
roach was therefore determined, and found to be greater 
than 1000 mg./kg. 

Similar experiments to those in figure 1 showed that rat 
liver slices degraded acethion rather less vigorously than 
mouse liver; and that whole cockroack guts were very 
active in degradation. 

Discussion.—Table 2 shows that acethion is twice as 
selective between mouse and house fly as malathion. It 
also demonstrates two other facts which fit the rationale 
behind this work. (a) Thionophosphates containing a 
carboxyester group all show selective toxicity. Acethion 
acid and ketothion, which lack the carboxyester group, 
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INHIBITION 


ChE 


% 








40 
MINUTES 


Fic. 1.—Anticholinesterase activity in buffered solutions of 

acethion incubated with: 3 gm. minced house fly; 3 gm. minced 

cockroach; 0.2 gm. mouse liver slices (wt. of liver per 3 gm. 

mouse). Dashed lines show per cent ChE inhibition given by in- 
dicated levels of acethion alone. 


are not selective. The fact that acethion amide is selective 
suggests that amidases are more vigorous in the mouse 
than in the house fly. (b) Phosphates containing the 
boxyester group (acetoxon, propoxon) are less selective 
than their corresponding thionophosphates (acethion, 


prothion). 

The anticholinesterase figures of table 2 conform with 
accepted views in that the phosphates are more potent 
than the corresponding thionophosphates. In general it 
holds true that reducing the electrophilic effect of the 
carbony! group upon P—S—C, and thus stabilizing these 
bonds, reduces the anticholinesterase activity. Thus, con- 
sidering acethion as the parent compound, the anti- 
cholinesterase activity may be reduced by inserting a 
methylene group (as in prothion); or by replacing the 
ethoxy in the carboethoxy radical by hydroxyl (in ace- 
thion acid), amido (in acethion amide) or methyl (in 
ketothion). The fact that methyl methprothion is a 
stronger anticholinesterase than prothion suggests that 
the increased electrophilic effect caused by substituting 
carbomethoxy for carboethoxy more than compensates 
for the expected nucleophilic effect of the added side- 
chain methyl! group. 

The ineffectiveness of the microsome preparation in 
activating any of the compounds except acethion amide 
was unexpected. (Metcalf & March (1953) reported an 
activation of acethion amide by mouse liver slices.) A 
possible explanation is that although the thionophosphate 
oxidizing system is indeed effective against these phos- 
phorothionates, the phosphatase degradation outstrips 
the activating process. As table 6 shows, washed micro- 
somes degrade acethion very effectively. The 0,0-diethy] 
phosphorodithioic acid produced by whole liver homo- 
genates is either not produced by microsomes, or is 
oxidized rapidly after its production. 

Previous studies had shown that malathion was toxic 
to the cockroach, with an LDs5o of 8.4 y/g. (O’Brien 1956), 
and table 2 shows the LDs» to the house fly to be 12 y/g., 
and to the mouse 815 y/g. Acethion is less toxic than 
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malathion to the mouse (1280 y/g.) and cockroach (1000 
y/g.), and a little more toxic than malathion to the house 
fly (9.4 y/g.). These results correlate well with the capage- 
ity of the species to degrade malathion and acethion, but 
demonstrate one unexpected difference: the cockroach 
can degrade acethion much more successfully than 
malathion, and is therefore not susceptible to acethiion 
poisoning. 
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Susceptibility of the Boll Weevil to Toxaphene in North Carolina’ 


W. J. Misrric, Jr., and R. T. Gast, North Carolina State College, Raleigh 


ABSTRACT 


Results of laboratory tests showed that susceptibility of the 
boll weevil, Anthonomus grandis Boh., to toxaphene was related 
to the previous field usage of chlorinated hydrocarbon insecti- 
cides for weevil control. Weevils from fields subjected to in- 
tensive insecticidal treatment were much less susceptible than 
those from nearby fields where little insecticide had been used. 
The greatest difference in the susceptibility of weevil populations 
from different counties was 200-fold, while the greatest differ- 
ence within a county was 75-fold. 

A field test, conducted on the weevil population least suscept- 
ible to toxaphene, showed that Guthion, malathion, methyl para- 
thion, and calcium arsenate were superior to toxaphene in weevil 
control and yield of cotton. However, complete failure of toxa- 
phene to control this weevil population was not experienced. 


The boll weevil, Anthonomus grandis Boh., was first 
reported to have developed resistance to toxaphene and 
other chlorinated hydrocarbon insecticides by Roussel & 
Clower (1955). Large cotton-producing areas in the prin- 
cipal river valleys of northern Louisiana were found to be 
infested with resistant boll weevils. Susceptible weevils 
were found in southern Louisiana where less cotton is 
grown and little if any effort is made to control the boll 
weevil. Roussel et al. (1956) found that susceptibility in 
weevil populations persisted from season to season, and 
they concluded that resistance to chlorinated hydrocar- 
bon insecticides in the boll weevil is genetically controlled. 
Additional information on boll weevil resistance to in- 
secticides was published later by Roussel & Clower (1957) 
and Fye et al. (1957). 

Field and laboratory tests and reactions of cotton 
growers in North Carolina indicated that satisfactory 
control of the boll weevil was obtained in 1955-56 with 
toxaphene and other chlorinated hydrocarbon insecticides. 
In view of the faci that isolated populations of weevils 
were found to be resistant to chlorinated hydrocarbon in- 
secticides in South Carolina and Texas (Anonymous 1956), 
laboratory tests were conducted during 1957 to deter- 
mine if populations of weevils resistant to toxaphene 
could be found in North Carolina. 

Lazoratory Trst.—Materials and Methods. 
were made using first and second generation weevils. The 
first generation weevils were collected from Cleveland, 
Union, Robeson, Scotland, and Hoke counties during the 
second week of July. These counties are located along the 
southern border of the State where cotton production is 
heavily concentrated and where weevils do a considerable 
amount of damage. At least two fields were selected in 
each county, one that had a history of heavy insecticide 
applications, and one in which few insecticides had been 
used. Second generation weevils were collected in Scot- 
land and Wake counties during the first week of August. 

Test methods for both generations of weevils were 
similar. Punctured squares were collected from the dif- 
ferent fields and placed in ventilated trays in a laboratory 
maintained at 78° F. and 70% relative humidity. Adult 
Weevils were taken from the trays each morning and 





Tests 


placed in screen covered jars containing fresh cotton 
blooms. After 3 days, the weevils were separated into 
groups of 10, anesthetized with carbon dioxide, placed 
on a clean filter paper, and treated with a toxaphene 
spray. The first generation weevils were treated with two 
rates of toxaphene, while the second generation weevils 
were treated with at least four rates. Each dosage used 
in these tests was applied to at least 200 weevils. The 
spray was applied by means of a carefully calibrated 
spray tower. Sprays were prepared from a 20% toxaphene 
emulsifiable concentrate which had xylene as the solvent. 

Immediately after treatment, the weevils were trans- 
ferred from the filter paper to a petri dish containing 
fresh cotton blooms. Mortality counts were made after 
treated insects were held 48 hours at 80° F. and 70% 
relative humidity. A weevil was considered dead if it 
failed to move when prodded with a needle. The results 
of the tests with first generation weevils were corrected 
for check mortality using Abbott's formula and reported 
as per cent kill. The results of the tests with second gen- 
eration weevils were corrected for check mortality and 
LD-50 values obtained from eye-fitted curves. 

Results and Discussion.—The susceptibility of boll 
weevils from each field within a county was directly re- 
lated to the amount of chlorinated hydrocarbon insec- 
ticide previously used for weevil control (table 1). Weevils 
from fields with a history of intensive use of insecticides 
showed a lower susceptibility to toxaphene than weevils 
from fields where less insecticide had been used. 

Weevils from Cleveland County were more susceptible 
to toxaphene than weevils from the other four counties. 
Boll weevils were of little economic importance in this 
County until 1950, and practically no insecticides were 
used for their control before this time. Thus, this County 
has a history of less general insecticide usage than the 
other four counties. Scotland County has had a weevil 
problem for the past 25 vears and nearly all growers use 
insecticides regularly. 

Population 7 from Robeson County and 9 from Hoke 
County show results similar to those obtained with the 
Cleveland County weevils. These populations were ob- 
tained from fields in large areas where little cotton was 
grown and practically no insecticides had been used. 
These areas were several miles distant from areas of in- 
tensive cotton production where insecticides were used 
regularly. Population 5 from Scotland County exhibited 
less susceptibility to toxaphene than would be expected 
from the insecticide history of the fields from which the 
weevils were obtained. However, this was a composite 
sample from three fields, some of which received as many 
as two or three insecticide applications per year. Fur- 
thermore, these fields were located adjacent to other cot- 
ton fields where insecticides were used regularly. Thus, 
there would be a greater tendency for the migration of 


1 Contribution from the Entomology Faculty, North Carolina Agricultural 
Experiment Station, Raleigh. Published with the approval of the Director of 
Research as Paper No. 917 of the Journal Series. Accepted for publication 
May 2, 1958. 
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Table 1.—First generation weevils—per cent mortality 
with toxaphene and field history of insecticide usage since 
1950. 








AVERAGE Per CENT 
No. Ap- Mortarity 

PLICATIONS 5 10 

Porv- PER weg. °/ 
LATION COUNTY Marteriats Usep YEAR cm. cm.? 
Cleveland BHC 5 : 36 
Cleveland BHC 6 4 77 


Union BHC 36 
Union BHC, toxaphene, aldrin 


Scotland BHC, toxaphene, aldrin 
Scotland BHC, toxaphene, aldrin, endrin 9 


Robeson 0 
Robeson BHC, toxaphene 10 


9 Hoke 0 
10 Hoke BHC, toxaphene 6 





® Composite sample from four adjacent and similarly treated fields. 
> Composite sample from two adjacent and similarly treated fields. 
© Composite sample from three adjacent and similarly treated fields, 


weevils to affect the susceptibility of population 5 than of 
populations 7 and 9. 

Of the 18 fields used in the second generation weevil 
tests (table 2), 17 were located in Scotland County (figure 
1) and one in Wake County. All of the fields in Scotland 
County were within a 10-mile radius. The field in Wake 
County was located in a fringe area of cotton production 
where the fields were widely separated and little insec- 
ticide was used. 

The results with the second generation weevils showed 
a 75-fold variation in susceptibility to toxaphene within 
Scotland County and over a 200-fold variation between 
the weevil populations of Scotland and Wake Counties. 
A 26-fold variation existed between populations 12 and 25 
which were located less than 2 miles from each other. 
Population 16 with an LD-50 of 65 was less than 3 miles 
from population 28 with an LD-50 of 600. From this it 


Table 2.—Second generation weevils—LD-50 values for 
toxaphene and field history of insecticide usage since 1950. 








AVERAGE 
No. APpPLI- 
CATIONS 
PopuLa- PER 
TION® Marteriats Usep YEAR 


LD-50 
IN ug. / 
Cm? 
11 ‘Toxaphene 1 3 
12 BHC | 8 
13 _ 0 35 
14 Endrin, aldrin, toxaphene 3 50 
15 BHC j 60 

16 Toxaphene 
17 BHC, toxaphene 
18  ‘Toxaphene j 82 
19 BHC 90 
BHC 92 
BHC, toxaphene 93 
BHC, toxaphene f 130 
BHC, toxaphene 150 
Aldrin j 180 
BHC, toxaphene 210 
}, toxaphene j 250 
BHC ‘ 320 
Endrin, aldrin, BHC, toxaphene 600 


ws 


tT] OS Oe CO 
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Sr re © WW ®W WO 


ac 


x 





® All populations of second generation weevils were obtained from Scotland 
County except population 11 which was obtained from Wake County. 
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would appear that weevil susceptibility to toxaphene 
varies greatly from field to field within the same general 
area. 

Fietp Test.—Materials and Methods.—In 1957 the 
County Agricultural Extension Agent of Scotland County 
reported that a few growers obtained poor control of 
overwintered boll weevils with chlorinated hydrocarbon 
insecticides. Information was obtained about the field 
where control was least satisfactory. Weevils from this 
field were collected during August for use in the labora- 
tory tests and were designated as population 28. This 
field, approximately 40 acres in size, was surrounded by 
tall pines and dense brush which offered favorable over- 
wintering sites for the boll weevil. The field was planted 
to Coker 100 Wilt cotton on April 15, fertilized in ae- 
cordance with recommended practices, and later thinned 
to 2.5 plants per foot in 40-inch rows. The field was not 
cultivated after July 5. According to the County Agent 
and the Farm Manager, nine weevils were found per 100 
plant terminals on May 28. The grower applied 20% 
toxaphene dust at 15 pounds per acre on June 3 (1 week 
before squaring). He then made five applications of 2% 
endrin dust at 10 pounds per acre at 6-day intervals, the 
last application being made on July 4. The square in- 
festation due to overwintered weevils reached a peak of 
86% on June 25. 

The overwintered weevil infestation declined to 35% 


SCOTLAND CO, 


50 


210 150 
93 


FLORENCE 


Fic. 1.—Location of LD-50 values for toxaphene to second get- 
eration boll weevil populations in Scotland County. 
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Table 3.-—Seasonal averages in field experiment on control of boll weevil population 28 in Scotland County, N. C., 1957.* 








—_—_— 
— 


P 
TREATMENT 





20% 


SEASONAL AVERAGES 


Toxaphene 


10% Malathi- 24% Methyl 
Parathion-5% 24% Guthion- 
I 5% DDT 


on-5% 


DDT 


Calcium 
Arsenate 








Pounds of dust per acre per application 23 
Per cent punctured squares 71.8 
Angles 58.0 
Reduction below toxaphene 
L.S.D. 5%=5.0, 1%=7.0 
Adult weevils per 100 squares 
\ X+0.5 
Reduction below toxaphene 
LS.D. 5%=0.78, 1% =1.10 
Pounds seed cotton per acre 
Gain over toxaphene 
L.S.D. 5%=130, 1% =183 


13.1 
3.67 


1649 


Me 22 25 
52. 50. : 44.5 
46. 45. 49. 41.9 
FE. 12. ; 16.1 


6.0 
2.54 
1.13 


1906 2011 
257 362 





® Infestations of other pests were negligible throughout the season. 


and the first generation weevils began to emerge when 
the experiment was started on July 5. An experimental 
area of 10 acres of cotton was located in the test field with 
approximately 20 acres of cotton on one side and 10 acres 
on the other side. The grower treated the areas not in- 
cluded in the experiment with 2% endrin dust at 15 
pounds per acre on July 11, 19, and 26. 

A randomized block design was used to compare the 
effectiveness of toxaphene with that of calcium arsenate, 
malathion, methyl parathion, and Guthion. Each of the 
five treatments was replicated four times, each plot being 
eight rows wide and one-half acre in size. Nine applica- 
tions of each material were made at 5-day intervals from 
July 5 to August 18. The last three applications were 
made for boll protection. Applications were made in early 
evening with an 8-row commercial duster mounted on a 
large farm tractor equipped with fenders. All records were 
taken near the center of each plot on the middle four 
rows. Infestation counts were based upon examinations of 
100 squares per plot taken at 5-day intervals in the after- 
noons prior to the scheduled evening treatments. Yield 
records, based upon one-sixteenth acre per plot, were 
obtained on September 13 and October 10. The average 
height of the tallest plants in the experimental area was 42 
inches. The entire field of cotton was chemically de- 
foliated in late August. 

The following amounts of rainfall, in inches, were re- 
corded during the growing season: May, 4.73; June, 7.34; 
July, 2.72; and August, 5.70. The rainfall was well dis- 
tributed throughout May and June, whereas .almost no 
rainfall was recorded during the first half of either July 
or August. 

Results and Diseussion.—An initially high, uniform boll 
weevil infestation and the use of small replicated plots 
afforded a close comparison of the effectiveness of insec- 
ticides. In comparison with toxaphene the organic phos- 
phate insecticides and calcium arsenate significantly: (1) 
reduced the square infestation, (2) reduced the number of 


adult weevils on squares, and (3) increased the yield of 
seed cotton (table 3). Roussel & Clower (1955) reported 
that calcium arsenate and Guthion effectively controlled 
resistant boll weevils that toxaphene and other chlori- 
nated hydrocarbons failed to control. These investigators 
also reported that similar control of susceptible weevils 
was obtained with Guthion and toxaphene or other chlori- 
nated hydrocarbon insecticides. 

The field and laboratory results reported herein in- 
dicate that weevil population 28 (table 2) may be clas- 
sified as resistant to toxaphene. However, the 200-fold 
resistance of this weevil population to toxaphene in 
the laboratory did not result in complete ineffectiveness 
of toxaphene in the field. The non-experimental portion 
of the test field received only three applications of endrin 
during the period that the experimental plots received 
nine applications of toxaphene. The yield of the endrin- 
treated cotton was 1155 pounds of seed cotton per acre, 
which was 494 pounds less than the yield of the tox- 
aphene-treated experimental plots. 
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Chemical Control Studies against the Greenbug! 


Norris E. Dantexs,? Texas Agricultural Experiment Station, Southwestern Great Plains Field Station, Bushland 


ABSTRACT 

Four insecticidal experiments were conducted against the 
greenbug (Toxoptera graminum (Rond.)), two at Dimmitt and 
two at Bushland, during the spring of 1957. 

Of six insecticides tested, parathion, methyl parathion and 
Chlorthion gave better greenbug control than either toxaphene- 
DDT (2 to 1), Thiodan or ethion. BHC dust gave satisfactory 
reduction of the greenbug although it was not effective until 5 
days after application. 

Parathion alone was as good or better for controlling green- 
bugs than several mixtures of different phosphorus compounds. 
The effectiveness of parathion emulsion was not increased when 
a detergent, diesel oil or a sticker was added to the carrier. 


The greenbug (Toxoptera graminum (Rond.)), has 
been a major pest of wheat in the Central and South- 
eastern States for many years. It causes some damage 
every year, and since 1942 there have been two major 
outbreaks on the High Plains of Texas. 

Experiments for chemical control of the greenbug have 
been conducted on the High Plains since 1950. Owen et 
al. (1951, 1952) found that parathion spray at 0.3 to 0.5 
pound per acre gave effective control. Also BHC dust at 
0.5 to 0.6 pound of gamma isomer per acre gave good 
control. Laboratory and field tests conducted by Hanna 
et al. (1951) indicated that parathion was more toxic to 
greenbugs than BHC. Subsequently several insecticides, 
mainly phosphorus compounds, were tested against the 
greenbug by Daniels et al. (1956). 

Results of further tests conducted in 1957, with dif- 
ferent insecticides, are presented in this paper. 

Meruops.—Four insecticidal experiments were con- 
ducted in the spring of 1957 for the control of greenbugs; 
two tests were located at Dimmitt and two at Bushland. 
With the exception of Test 2, in which the insecticide was 
applied by airplane, the plot-size was 0.05 acre. The small 
plot tests were replicated three or four times. 

Spray emulsions were applied at 5 to 6 gallons per acre 
on the small plot experiments with a portable compressed 
air sprayer equipped with a regulator valve, pressure 
gauge, and a 5-foot boom. Nozzles were spaced at in- 
tervals of 20 inches along the boom. 

Experiment 1, conducted at Dimmitt, consisted of six 
treatments including parathion, methyl parathion, 
Chlorthion, toxaphene-DDT (2 to 1 mixture), Thiodan 
and ethion. Temperatures averaged 64° F. during applica- 
tion. 

Experiment 2, also conducted at Dimmitt, consisted of 
a 100-acre field aero treatment using BHC (5% gamma 
isomer) dust at the rate of 1 pound actual gamma isomer 
per acre. Temperatures during the dust application 
averaged 60° F. and wind movement was at 0 to 3 m.p.h. 
Greenbug and yield samples were taken in two selected 
areas, each 2 acres in size. One of the areas was adjacent 
to the small plot experiment and the other was approxi- 
mately 100 yards away. The only comparable untreated 
checks available were those of the small plots. 

Experiment 3 consisted of various combinations or 


Table 1.—Effectiveness of various insecticides for green- 
bug control. Dimmitt, Texas. 1957. 








Per Cent Repuction 
Days After Application 
Busuens 


Dosace INITIAL 
ACRE 


Las./A. Count® ll 17 28 


TREATMENT 
Parathion 0.51 385 
Methy! parathion 49 
Chlorthion .50 
Toxaphene-DDT 3.14 
Thiodan .49 
Ethion 52 
Untreated* 

L.S.D. at 5% level 





® Greenbugs per linear foot of drill row. 
mixtures of compounds including: parathion, methyl 
parathion, Chlorthion, demeton and Am. Cyanamid 
12008. ‘Toxaphene-DDT was also included in the experi- 
ment. Temperatures during application ranged between 
58° and 60° F. and the wind ranged from 5 to 20 m.p.h, 

Experiment 4 consisted of four treatments including 
parathion emulsion plus Glim detergent and diesel fuel 
oil, parathion plus detergent, parathion plus National 
sticker and parathion alone. All mixtures were emulsified 
in water. Applications were made on April 15 when tem- 
peratures ranged between 75° and 78° F. 

Greenbug populations in all experiments were deter- 
mined by counting the insects within 1 linear foot of drill 
row. Three samples were taken in each small plot and at 
least eight in each of the two areas in the fie'd experiment. 
Yield samples taken at random, in each p: + of the first 
three experiments, were two rows wide and 10 feet long. 

Resvutts AND Discussion.—Greenbug populations in 
Experiment 1 were about 400 per linear foot of drill row 
at the time (March 19) of the initial count. April 2, four 
days after treatment, insect populations on the check 
plots averaged 1383 per linear foot. After this period 
greenbug populations declined, due to the presence of 
Hippodamia convergens (Guén.) and also because irriga- 
tion water washed BHC dust into the plots from the sur- 
rounding field. Greenbugs left this field by May 1. Of the 
insecticides tested, parathion, methyl parathion and 
Chlorthion gave the best control (table 1). Control with 
these three compounds was 98% or above for the control 
period. Control with toxaphene-DDT, Thiodan and 
ethion was poor. Ethion showed scarcely any reduction 
in greenbug infestation. Yields from the parathion- 
treated plots averaged the highest, 11 bushels over the 
checks. However, when these data were subjected to an 
analysis of variance the parathion treatment was not 
significantly .greater than the check, due to variations 
within plots. 

Initial counts for the BHC field test, experiment 2 
averaged 1242 greenbugs per linear foot. Control in the 
field was not good for the first 5 days then suddenly ef- 
fective chemical action was realized. Populations in the 


1 Accepted for publication May 5, 1958. : 
2 Thanks are extended to Dorit Smiley of Dimmitt and R. C, Sampson ol 
Bushland on whose farms these experiments were conducted. 
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Table 2.—Greenbug populations* following BHC treat- 
ment of 100-acre field, Dimmitt, Texas. 1957. 
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Table 4.—Effectiveness of various insecticides for green- 
bug control. . 





—_— 





Per Cent REDUCTION 
Days After Application 
Dosace INITIAL See aie 
TREATMENT Lps./A. Count 1 18 
BHC (5% g.i.) x 246 332 6 
Check? 705 f 4 


Per Cent Repuction 


Days After Application 
Dosage’ INrriau - — 
TREATMENTS® Las./A. Count? 3 8 15 
Parathion +detergent +oil , 350 97 92 80 
Parathion +detergent ’ 146 96 98 80 
Parathion+sticker : 438 96 96 95 
Parathion F 192 98 98 90 
Untreated” 323 500 263 317 





® Greenbugs per linear foot of drill row. 
b Untreated checks in small plot experiment within field. 


BHC-treated field averaged four greenbugs per linear foot 
April 15, seven days after application; subsequently, 
control of the insect was almost 100%. Yield samples 
taken from the BHC-treated field averaged 39.7 bushels 
per acre and yields from the small check plots, within the 
field, averaged 35.5 bushels per acre. This was adequate 
gain to pay for the insecticide and its application. Results 


® Two ounces detergent per 5 gallons water; 0.5 gallon diesel fuel oil per 4.5 
gallons water; 6 ounces National sticker per 5 gallons water. 
> Greenbugs per linear foot of drill row. 


fectiveness of parathion. The performance of a spray 
will depend, to a large degree, on its ability to spread. 
For this reason a second emulsifing agent, Glim, a liquid 
detergent, was added to the emulsified mixture of para- 
thion. In another treatment diesel fuel oil was added along 
with Glim to the parathion emulsion. In this experiment, 


ami foe this test edhiu takes National sticker was also added to parathion spray emul- 
amid National sticker was al Ided t thion y emul 
. : or this test are presented In tabie 2. 4 ‘ 2 . M4 
(peri- ] b . “ 8 diff ge ticid led sion. Considerable agitation was necessary to get the 
n Experiment 3 different insecticides were ¢ 4 . . . . . : 
ween boril 5 “I binati 4] ‘5 aig " esi? iyi sticker in suspension with the spray emulsion. Good con- 
April 5, in combination with each other, to investigate the . . 
1.p.h. I hilt P pers 4] stugate the trol was obtained on all treatments for a 2-week period. 
. yossibility of synergism among the phosphorus com- . . . . . 
iding i i ‘ E ; Shani aia sti However, parathion used in conjunction with the three 
younds. According to Frear (1955) synergism occurs re . 
| fuel I —'— ' “al : oF ' ‘i . shot be additives gave no better reduction of the greenbug than 
when two materials give a greater physiological ac . 
ional — greater piiysrological acon parathion alone (table 4). 
site when applied together than when applied separately. 
tems, Parathion alone gave more increase in yield and as good REFERENCES CITED 
or better greenbug reduction than any of the insecticides Daniels, N. B., H, L. Chada, Donald Ashdown nd E. A. 
Letian. used alone or in combination (table 3). However, the Cleveland, 1956. Greenbugs and some other pests of 
* drill toxaphene-DDT-parathion combination treatment small grains. Texas Agric. Expt. Sta. Bull. 845. 
da showed almost as much increase in yield as parathion  Frear, Donald E. H. 1955. Chemistry of the pesticides. 3rd 
nent alone but gave less insect reduction. This was probably Ed. 469 pp. D. Van Nostrand Co., Ine. 
first due to sampling error in the population counts or to Hanna, R. L., J. C. Gaines, and R. Wipprecht. 1951. Results 
long plant stimulation. The yields of these two treatments, - tests for greenbug control. Jour. Econ. Ent. 44: 
, : pe : . 347-50 
a varathion and the toxaphene-DDT-parathion combina- aa ee e 
ns 1m P Seg | — ; Owen, W. L., Jr.. R. L. Hanna and J. C. Gaines. 1951. 
| vel tion, were significantly greater than the untreated check. G Bray, ga io 
nm : é ape ireenbug control. Texas Agric. Expt. Sta. Progress 
lous There was no advantage in mixing the phosphorus com- Rept. 1234. 
‘heck pounds used in this experiment. Owen, W. L., Jr., R. L. Hanna and J. C. Gaines. 1952. In- 
eriod rhe primary purpose of Experiment 4 was to determine secticidal control of greenbugs. Texas Agric. Expt. 
aan if extra emulsifiers and a sticker would increase the ef- Sta. Progress Rept. 1438. 
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Table 3.—Effectiveness of various insecticides for greenbug control, Bushland, Texas. 1957. 





Per Cent RepucTION 


Days After Application 


Bu. 


INITIAL® 


ntrol DosaGE 
Count 11 26 32 


TREATMENT Ls./A. Average AcRE 
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tion 
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80 89 1g. 
95 92 1S. 
79 85 13. 
68 $1 14.5 
87 87 14. 
85 92 16. 
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: Chlorthion-methyl parathion 0.4 (1-1)> 154 96 
on- Am. Cyanamid 12008-methyl parathion 4 (3-5) 150 98 
the Chlorthion 4 131 98 
Methy! parathion-demeton-parathion . 4 (2-1-2) 233 5s 96 
ois Demeton-methyl parathion 4 (1-2) 103 5 94 
. Methy] parathion ; 137 : 99 
1ons Toxaphene-I IDT-parathion 1.75 (4-2-1) 261 89 73 76 18. 
Parathion é 175 98 91 92 18. 
Untreated® 304 1200 38 617 13. 
L.S.D. at 5% level 4. 
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Systemic Control of Dermatobia hominis (L., Jr.) in Central 
and South American Cattle with Narlene! Insecticide? 


W. S. McGrecor, L. L. Wave, and R. W. Cotsy*® 


ABSTRACT 

Tests conducted with Narlene (O-methyl, 0(4-tert-butyl-2- 
chlorophenyl) methyl phosphoramidothioate), as a systemic in- 
secticide against Dermatobia hominis (L., Jr.), applied to range 
cattle in Panama, Costa Rica, Colombia, and Brazil show that a 
single oral dose of 20 mg./kg. or a 0.5 to 0.75% spray will give 
economical control of this insect. Retreatment of the cattle was 
not necessary for 8 weeks after the initial application. 


The larva of the human bot fly Dermatobia hominis 
(L., Jr.) commonly known by such names as torsalo, 
berne, and nuche throughout Central and South Amer- 
ica, Mexico and the Caribbean area is an extremely seri- 
ous ectoparasite of cattle and other animals. These bots 
which hatch from Dermatobia fly eggs carried on the legs, 
wings, and bodies of flies, mosquitoes, ticks, and other in- 
sects are a great handicap to the Latin American cattle 
industry because of their great numbers and their effects 
on hides, weight gains, milk production, and calf losses. 
In some of the South American countries, the Derma- 
tobia has prevented the use of valuable grazing land and 
in other areas it is reported to have caused losses as high 
as 70% of the calf crop. 

Control measures for the larvae of Dermatobia in cattle 
have been relatively non-existent until recently. Laake 
(1949) working in Brazil tested several of the chlorinated 
hydrocarbon insecticides against Dermatobia, but found 
none that gave a practical control of this pest. Neel 
(1954) in Costa Rica applied toxaphene, aldrin, and a 
mixture of DDT and BHC to native cattle heavily in- 
fested with the larvae of Dermatobia. His results also 
proved negative as a practical control measure, although 
some reduction in the larva! population was shown. 

In the United States much work has been done with 
systemic insecticides applied to cattle for the control of 
the cattle grub. Because of the excellent results obtained 
from this work, entomologists of The Dow Chemical 
Company performed a series of preliminary tests on the 
larvae of Dermatobia in cattle in Panama. These tests 
were conducted on native and crossbred cattle on the 
Motta Ranch at Remedios, Republic of Panama. It was 
found that one of the compounds used in these trials, 
Narlene, when given orally at a very low dose, would kill 
all of the Dermatobia larvae infesting the cattle. Following 
these preliminary trials, large scale tests with this com- 
pound were conducted on ranches near Panama City, 
Divisia, and Santa Clara, Republic of Panama and on 
ranches in Costa Rica, Colombia and Brazil. The cattle 
used in these trials were native cattle, Holstein, Brah- 
mans, and crossbreeds that had been routinely dipped or 
sprayed every 2 weeks with a chlorinated hydrocarbon 
insecticide for tick control, but these applications had not 
prevented the Dermatobia from infesting the cattle. All 
stages of larval development were present in the cattle 
and they were generally distributed over all parts of the 
body. 

Metuops AnD MaterrAts.—The various herds used in 


these tests were divided into groups for each type of ap. 
plication. The untreated controls were allowed to remain 
in the pasture with the treated groups. Prior to treatment, 
counts were made of the Dermatobia larvae infesting each 
animal. It was often difficult to determine the exact num. 
ber of larvae present because the larvae do not have sepa- 
rate entrance holes. Frequently as many as five or more 
larvae can be extracted from the same entrance hole in 
the hide of the animal. It was for this reason that the after. 
treatment larval counts were often much higher than the 
pre-treatment counts. 

The treatment consisted of sprays and oral adminis. 
tration of Narlene by means of drenches and boluses. In 
the preliminary tests, the spray applications were made 
to individual animals with a 3-gallon hand-pump sprayer. 
The large herd spray tests were made with a high pres- 
sure, motor driven sprayer using 250 psi pressure. The 
spray gun used was a standard trigger type, long barrel, 
single nozzle gun. The cattle were sprayed in groups of 10 
in a small crowding pen. No attempt was made to treat 
the undersides of the animals. 

The drench and bolus treatments were made using 
standard drench and bolus syringes. The doses were given 
on animal weight basis. On those ranches where scales 
were available, the cattle were weighed, but when no 
scales were available, the weights of the cattle were esti- 
mated and the treatments made on that basis. 

The efficacy of the treatments was determined by ex- 
tracting all of the bots in the cattle at 3 to 7 days after 
treatment. It was found that the larvae killed by the 
treatments deteriorated very rapidly and were often 
partially expelled from the cyst at the time of examina- 
tion. The oral treatments affected the larvae more rapidly 
than the spray treatments, and often caused the larvae to 
deteriorate within 3 days after the cattle were treated. 
For this reason, the post-treatment larval counts were 
made on the third day for the orally treated cattle and on 
the seventh day for the sprayed cattle. 

The material used in these tests was Narlene formu- 
lated as a wettable powder spray, as an emulsifiable 
spray, a wettable powder drench, or in the form of 
boluses. 

The sprays were applied at the rate of 1 to 2 liters ofa 
0.25%, 0.5%, or 0.75% strength. The oral doses (both 
drenches and boluses) ranged from 5 mg./kg. to 20 
mg./kg. of body weight. 

Resvutts.—The results of these tests show that various 
formulations of this compound as a systemic for Dermato- 
bia control were very effective. It was found that oral 
doses of 10 mg./kg. and above were effective in killing 
almost all of the Dermatobia larvae encysted in the cattle. 
Oral doses of less than 10 mg./kg. were only partially ef- 


1 Registered trademark of The Dow Chemical Company for (-methyl, 
O(4-tert-butyl-2-chlorophenyl) methyl phosphoramidothioate. 

2 Accepted for publication May 5, 1958. 

8 Laboratory Project Leader in Entomology, Senior Entomologist, and 
Director of Laboratory, respectively, of the Agricultural Research Department, 
Texas Division of The Dow Chemical Company, Lake Jackson, Texas. 
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Table 1.—Results of oral treatments with Narlene for 
Dermatobia control on cattle. 
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Table 2.—Results of spray treatments with Narlene for 
control of Dermatobia on cattle. 








No. Live LarvAE 





No. Live LARVAE 





No. — No. Per Cent SS 
CATTLE DosrE Before After CATTLE CONCEN- Before After 
SpravYED Location (Ma./Ka.) Treatment Treatment Sprayep Location TRATION Treatment Treatment 
15 Brazil 20 bolus 347 9 15 Brazil 0.75 WP 306 8 
10 Costa Rica 20 drench 183 1 10 Costa Rica .75 WP 88 0 
10 Panama 10 drench 112 11 10 Panama .50 WP 208 3 
10 Panama 5 drench 218 193 10 Brazil .75 EC 645 1] 





fective. Early tests conducted in Panama showed that an 
occasional large, mature larva would escape the treat- 
ment. This was presumably due to the lack of feeding 
done by these larvae just prior to pupation. Later tests 
conducted in Costa Rica, Panama, Colombia, and Brazil 
proved this to be correct. As shown in table 1, there ap- 
peared to be no difference in the per cent of control be- 
tween oral drench and bolus administration. 

Examinations at 14-day intervals post-treatment of 
the cattle treated with the compound showed that rein- 
festation did not occur for a period of 6 weeks following 
treatment. Retreatment of the cattle was not necessary 
until 2 weeks following the beginning of reinfestation. 

The spray treatments using 0.5 to 0.75% strength in- 
secticide were equally effective. Sprays of 0.25% were 
only partially effective. Some tests were conducted by 
spraying one side only of each cow in the group. It was 
shown by these tests that due to the absorption and 
systemic activity of the compound that the bots on the 
unsprayed side of the cow were killed and that complete 
coverage of the animal was not necessary. In all of the 
spray treatments the per cent of kill of larvae ranged 
from 99 to 100% when 0.5% or greater strengths were 
applied at the rate of two liters of spray per cow. Heavy 
rainfall occurred 45 minutes following one of the spray 
applications and at 72 hours following another spray test. 
Results of these tests show that these rains had no effect 
on the compound. This indicates that rainfall which 
occurs after the sprays have dried on the cattle will not 
adversely affect the efficacy of the compound. Table 2 
shows the.results of the spray tests which indicate that 
wettable powders and emulsifiable sprays are equally ef- 
fective in controlling the bots. In addition to killing the 
Dermatobia bots it was also found that the treatments 


gave good control of horn flies (Siphona irritans (L.)), 
lice and mosquitoes. This perhaps accounts in part for the 
long protective periods before reinfestation of Dermatobia 
occurs. 

Toxicity Strupres.—oxicity studies with the com- 
pound show that dairy calves will tolerate oral doses of 
50 mg./kg. and that sprays of 0.75% are safe to use on 
young animals. Since the maximum dose needed to kill 
Dermatobia is 20 mg./kg., there is an adequate margin of 
safety even on young calves. Toxicological studies have 
also been conducted on animals in which the insecticide 
was mixed in their diet. 

Residue studies on cattle which were sprayed or treated 
orally, showed that sprays of 0.75% of the compound 
yielded a transitory residue in milk of 0.4 p.p.m. at about 
24 hours and dropped to 0.2 p.p.m. in 48 hours. At 10 
days after treatment there was no residue in the milk. 
Residues in the carcass fat of sprayed cattle were 0.5 
p.p.m. at 10 days and were less than 0.1 p.p.m. at 21 days 
after spraying. A single oral dose of 25 mg./kg. required 
32 days before elimination to less than 0.1 p.p.m. in the 
fat. Residues in the lean meat tissues were eliminated 
more rapidly. The time required for elimination of resi- 
due fits well into actual control practices since it normally 
requires a period of 3 to 4 weeks for Dermatobia wounds to 
heal. Before Narlene can be recommended on lactating 
dairy animals it will be necessary to develop additional 
information on residues in milk. 
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The ‘Toxicities of Some Chlorinated Hydrocarbons to Various Larval 
Instars of the Army Cutworm in the Laboratory! 


S. McDonavp and L. A. Jacosson,? Crop Insect Section, Science Service Laboratory, Lethbridge, Alta. 


ABSTRACT 

Of the chemicals tested as contact and as stomach poisons for 
the control of army cutworm, Chorizagrotis auxiliaris (Grote), 
endrin was the most toxic to sixth-instar larvae and was equally 
effective as a contact and as a stomach poison. The compounds 
appeared in the following order of toxicity: as contact poisons, 
endrin > dieldrin = aldrin = heptachlor>chlordane, and as stom- 
ach poisons, endrin=dieldrin>aldrin=heptachlor>chlordane. 
Fourth- to fifth-instar larvae were more readily killed by contact 
than sixth-instar larvae with each of the compounds. The sus- 
ceptibility of larvae to endrin as a stomach poison decreased with 
successive molts. Endrin was 35 times as toxic to fourth-instar, 
11 times as toxic to fifth-instar, and three times as toxic to 
freshly molted sixth-instar larvae as to mature feeding sixth- 


instar cutworms. 


Chemical control of the army cutworm, Chorizagrotis 
auxiliaris (Grote), a sporadic pest of the plains area of 
Canada and the United States, has varied in effective- 
ness. This variation may be associated with the feeding 
habits of the species, or with the stage of larval develop- 
ment at which chemical control is directed. Differences in 
susceptibility of insects to chemicals at various stages of 
development have been reported for contact insecticides, 
stomach poisons, and fumigants and were reviewed re- 
cently by Mukerjea (1953). 

The purpose of this investigation was twofold, (1) to 
compare, in the laboratory under standarized conditions 
of temperature and humidity, the relative toxicities of 
some commonly used insecticides as contact and as stom- 
ach poisons against sixth-instar larvae, (2) to determine 
if the various larval stages differed in susceptibility to 
these insecticides. 

MATERIALS AND Mernops.—The following insecti- 
cides were used: technical aldrin, dieldrin, and endrin® 
and analytical grade chlordane and heptachlor.* The in- 
secticides were applied in an oil solution that consisted of 
benzene as the first solvent, which was further diluted to 
a ratio of 3:7 with dyed,° odorless kerosene. The dyed 
carrier outlined the dispersal pattern and facilitated 
measuring and counting droplets. 

A spinning-dise sprayer, similar to that designed by 
Parr & Busvine (1948), was used to apply the insecticide 
and was set to deliver droplets of 250+10 microns in di- 
ameter. The sprayer projected a uniform band of spray 
into a chamber on the floor of which was a trolley that 
moved through the spray at a constant speed. The ma- 
terial to be treated was placed on the trolley, and the 
number of passes through the spray band determined the 
concentration of insecticide applied. 

The droplets were measured by the magnesium oxide 
method (May 1950), and the number of droplets depos- 
ited on a square centimeter of surface was determined for 
ach run with Printflex® cards (Hurtig et al. 1956). From 
the droplet size and number, the specific gravity and con- 
centration of the spray solution, the amount of insecticide 
deposited for each concentration was calculated. The con- 


6 
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centrations were expressed in micrograms of toxicant per 
square centimeter. 

The cutworms used were obtained as eggs from labora- 
tory-reared cultures. The eggs were hatched and the 
larvae reared at a temperature of 77° F. by methods de- 
scribed by Blakeley et al. (In preparation). The larvae 
used for each test had been hatched on the same day and 
otherwise handled in a similar manner. Larvae that were 
uniform in size and activity were selected and assigned at 
random to the various treatments and replications. 

The treated larvae were held at 75 +2° F. and a relative 
humidity of 50%. Mortalities were recorded hourly up to 
6 hours and at 6-hour intervals for 48 hours. Larvae in- 
capable of norma! movement were considered dead, and 
all mortality percentages were calculated by Abbott's 
(1925) formula. 

Mortality percentages were plotted on logarithmic- 
probability paper, and all data were tested for statistical 
significance by the method of Litchfield & Wilcoxon 
(1949). The lethal doses for 50% (LDs50) and 90% (LD) 
were calculated. 

Toxicity as contact poisons. 
tested as contact insecticides against feeding sixth-instar 
and fourth- to fifth-instar larvae by the following 
method: The bottom half of 10020-mm. petri dishes 
were sprayed with uniform deposits of insecticide and al- 
lowed to dry. Ten larvae were placed on a dry deposit of 
known concentration and left throughout the experi- 
mental interval. Thirty larvae were used for each con- 
centration, and an average of four concentrations was 
used for each series. The checks consisted of larvae in 
petri dishes that had been sprayed with solvent only. 
The relative toxicities as 


The compounds were 


Toxicity as stomach poisons. 
stomach poisons were determined, for feeding sixth-instar 
larvae, with lettuce leaves on which a known amount of 
insecticide had been deposited. Ten larvae were placed in 
100 X20-mm. petri dishes along with 70 sq. em. of dry- 
treated lettuce. Thirty larvae were used for each concen- 
tration, and an average of four concentrations was used 
for each series. The checks were exposed to lettuce that 
had been sprayed with carrier only. 

Toxicity of endrin, as a stomach poison, to various in- 
stars.—Fourth-. fifth-, and sixth-instar larvae of known 
weight were fed a known amount of endrin on a 7-mm. 
lettuce disc. The sixth-instar larvae were divided into two 
groups, those that had molted within 12 hours but had 
not fed and those that had fed or were older than 12 
hours. Larvae that were approaching a prepupal condi- 
tion were not included because feeding ceases at this 
stage. Lettuce leaves were sprayed with endrin of known 
droplet size, and discs having from one to four droplets 

1 Contribution No. 3790, Entomology Division, Science Service, Department 
of Agriculture, Ottawa, Canada. Accepted for publication May 5, 1958. 

2 Assistant Entomologist and Entomologist, respectively. 

8 Chipman Chemicals Limited, Winnipeg, Manitoba. 

4 Velsicol Chemical Corporation, Chicago, Illinois. 


50.5% Williams’ red dye. 
6 Mead Paper Corporation, Chillicothe. Ohio, U.S.A. 
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Fic. 1.—Dosage-mortality curves for compounds as contact and as stomach poisons for feeding sixth-instar larvae of the army 
cutworm; determinations at 24 hours after exposure at 75+2° F. 


were removed from the lettuce by means of a cork borer. 
The treated dise was placed in a shell vial with one larva. 
Concentrations were determined as micrograms of toxi- 
cant per insect and 20 to 30 larvae of each instar were 
used for each concentration. Any larvae that failed to con- 
sume all of the dise within 6 hours were discarded, and 
the mortality time was calculated from the time that all 
of the dise had been eaten. The checks were given discs 
that had been sprayed with carrier only. 
Resutts.—Towvicity as contact poisons.—The dosage- 
mortality curves for the compounds tested as contact 
poisons against feeding sixth-instar cutworms (fig. 1) 
were established from 24-hour mortality data. There was 
no significant heterogeneity in the data and no significant 
deviation from parallelism of the curves. The lethal doses 
of the compounds are shown in table 1. Endrin was the 
most toxic compound as a contact poison against feeding 
sixth-instar larvae, being twice as toxic as dieldrin and 


Table 1.—Lethal doses (micrograms per cm.*) of various 
compounds for 50% and for 90% of feeding sixth-instar army 
cutworms calculated 24 hours after application at a holding 
temperature of 75 +2° F. 





REGRESSION 
CompouNnD LDso LDo COEFFICIENT 


As contact insecticides 


more than four times as toxic as chlordane. There was no 
significant difference in toxicity between dieldrin and 
heptachlor or between heptachlor and aldrin at either the 
LDs5o or the LD oo level. 

The lethal doses of these insecticides against fourth- to 
fifth-instar larvae are shown in table 2. The LD5o values 
could not be calculated for endrin and dieldrin at 24 
hours. At the range of concentrations tested, 100% mor- 
tality occurred at all rates with endrin by 12 hours and 
with dieldrin at 24 hours. However, the data, as presented, 
can be used for comparison at 6 hours after treatment. 
Endrin was the most toxic; there was no significant differ- 
ence in toxicity between dieldrin and aldrin or between 
aldrin and heptachlor. Chlordane was the least toxic com- 
pound. A comparison of the relative differences in sus- 
ceptibility to contact poisons between smaller larvae and 
feeding sixth-instar larvae can be made from the LDs5o 
values given for 24 hours after treatment (tables 1 and 2). 
Endrin and dieldrin were four times as toxic to mixed 
fourth- and fifth-instar larvae as to feeding sixth-instar 
larvae, whereas aldrin, heptachlor, and chlordane ap- 


Table 2.—Lethal doses (micrograms per cm.’) of various 
compounds as contact insecticides for 50% of fourth- to 
fifth-instar army cutworm calculated at 6 and 24 hours after 
application at a holding temperature of 75 +2° F. 








Endrin 0.58 (0.38-0.88)* 1.45 (0.56-3.70) 2.0 

Dieldrin 1.29(1.01-1.61) 3.57 (1.91-6.50) 2.2 ee - 

Heptachlor 1.45 (1.23-1.72) 2.46(1.79-3.25) 1.5 6 Hours 24 Hours 

Aldrin 1.91 (1.45-2.35) 4.35 (2.67—7.75) 1.9 a - - 

Chlordane 2.80 (2.13-3.46) 5.25(3.67-7.35) 1.6 Regression Regression 
ComMPOUND LDso Coefficient LDws Coefficient 

As stomach insecticides - 

Endrin 0.58 (0.46-0.71) 1.51(1.21- 1.88) 2.1 Endrin 0.57 (0.33—0. 67)" 2.2 <0.57 

Dieldrin 0.67 (0.37-1.21) 3.25 (0.95-10. 60) 3.4 Dieldrin 1.45 (1.01—2.02) 2.8 0.33 

Aldrin 1.45 (1.08-2.02) 6.60 (3.20-13.30) 3.2 Aldrin 2.02 (1.45-2.69) 2.7 0.67 (0.22-1.68) 2.0 

Heptachlor 1.57 (1.68-2.80) 5.80 (2.35-15.10) 2.8 Heptachlor 3.14 (2.02-4.71) 4.1 0.89 (0.57-1.45) 3.2 

Chlordane 3.07 (2.46-3.80) 8.40(6.70-10.50) 2.2 Chlordane 6.93 (5. 50-8. 60) 4.0 1.80 (1.45-2. 46) 2.5 

af &® 95% confidence limits. 


°% confidence limits. 
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Table 3.—Lethal doses of endrin as a stomach insecticide 
for 50% of fourth-, fifth-, freshly molted sixth-, and feeding 
sixth-instar larvae calculated at 6 hours after treatment at a 
holding temperature of 75 +2° F. 





Weicut 


(MILLIGRAMS) LD» 

Aver- Micrograms Micrograms REGRESSION 

LNsTAR Range age per Insect per Gram® CoerricrENT 
Fourth 21-57 49 0.17(0.09- 0.31) 3.5 2.0 
Fifth 79-235 107 0.55(0.40- 0.70) 5.1 2.1 

Sixth, freshly 

molted 130-354 233 2.10(0.95— 4.62) 9.1 7.1 
Sixth, feeding 167-624 407 6.00(3.30-10.80) 14.8 6.5 





® Calculated from averages. 
b 95% confidence limits. 


and 1.5 times as toxic to the 


= 
or 


peared in the order of 2.5, 
smaller larvae. 

Toxicity as stomach poisons.—The dosage-mortality 
curves for the compounds tested as stomach poisons 
against feeding sixth-instar larvae are given in figure 1. 
There was no significant heterogeneity in the data and no 
significant deviation from parallelism of the curves. The 
lethal doses of these compounds as stomach poisons are 
shown in table 1. There was no significant difference be- 
tween the toxicity of endrin and dieldrin at the LDs5o 
level, but endrin was more effective when comparisons 
were made at the LDoo level. Aldrin and heptachlor were 
not significantly different as stomach poisons, and chlor- 
dane was the least effective compound tested. Endrin and 
dieldrin were twice as toxic as aldrin and heptachlor and 
up to five times as toxic as chlordane. 

Toxicity of endrin, as a stomach poison, to various in- 
stars.—A comparison of LD50 values was made after 6 
hours, since 100% mortality of fourth- and fifth-instar 
larvae occurred before 12 hours after treatment (table 3). 
The regression coefficients of the LD5. values were large 
for both groups of sixth-instar larvae but were con- 
sidered satisfactory for comparative purposes at 6 hours 
after treatment. The LD:o values on the insect basis show 
that susceptibility to endrin decreases with successive 
molts from the fourth- to the sixth-instar. A similar rela- 
tionship exists when the LD;9 values are expressed as 
micrograms of toxicant per gram of mean body weight. 
Endrin was 35 times as toxic to fourth-instar, 11 times as 
toxic to fifth-instar, and three times as toxic to freshly 
molted sixth-instar larvae as to mature feeding sixth- 
instar cutworms. 

Discussion.—A review of the results shows that under 
the conditions of these experiments endrin was the most 
toxic compound, both as a stemach and as a contact poi- 
son, against feeding sixth-instar army cutworm. Dieldrin 
was similar to aldrin and heptachlor as a contact poison 
but was superior to both as a stomach poison. There was 
no significant difference between aldrin and heptachlor, 
either as a stomach or contact poison. Endrin was two to 
three times as toxic as aldrin or heptachlor and four to 
five times as toxic as chlordane (table 1, fig. 1). 

The LDs5o and LDoeo values, expressed as micrograms 
per cm.”, cannot be related with dependable accuracy to 
pounds of toxicant per acre for control recommendations 
in the field. However, they can serve as a guide for initial 
field testing and are of value in the determination of the 
relative effectiveness of the various compounds tested. 
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Pfadt (1955) found that endrin was the most toxic of 
these compounds, followed by dieldrin, aldrin, heptachlor 
and chlordane in that order, for the control of army cut- 
worm in alfalfa. Our results in the laboratory (table 1 
fig. 1) show the same order of effectiveness. 

Larvae of the army cutworm rarely feed on warm, 
sunny days but burrow into the soil and remain quies- 
cent (Strickland 1916). They become active on the sur- 
face of the soil and feed in the late afternoon, at night, 
and on cool, cloudy days. Day-to-day feeding is not rhyth- 
mic nor continuous but is dependent upon favorable soil 
and air temperatures. As these experiments were con- 
ducted under standardized conditions of temperature and 
humidity, no consideration was given to the effects of 
varying spring temperature conditions on control in the 
field. The effect of temperature on insect activity at time 
of feeding or contact will influence the amount of insecti- 
cide picked up by the insect. Also, as McIntosh (1957) 
stated, the size and direction of change in kill brought 
about by alteration of temperature after treatment may 
vary with the nature of the poison, its formulation and 
dose, method of application, range of temperature, and the 
insect species involved. The residual effectiveness of an 
insecticide can be altered by the physical properties of the 
soil and degradation through weathering, which in turn 
will-influence field results in different localities. Edwards 
et al. (1957) have demonstrated that differential adsorp- 
tion of insecticides is correlated with the amount of organic 
matter in the soil. They have found that the adsorbed in- 
secticide or its breakdown products are rendered bio- 
logically inactive. Control of the army cutworm with 
chemicals requires materials that have good residual 
properties, that are effective stomach poisons, and that 
exhibit toxic action as contact poisons during nonfeeding 
periods. However, before recommendations for field con- 
trol can be made, a study of the effects of physical factors 
on the insecticide should be undertaken. 

In this study the variation in development of the army 
cutworm in the field was considered to have an important 
bearing on chemical control. This species passes the win- 
ter as a partly grown larva; the stage of development in 
the spring is dependent upon availability of food and 
weather conditions during the previous fall and winter 
(Seamans 1928). Hence, chemical control may be directed 
against a population that has small or nearly mature 
larvae or, in most cases, a mixture of larval stages. Mu- 
kerjea (1953) has shown, with contact insecticides such as 
DDT and the pyrethrins, that variations occur in the sus- 
ceptibility of various stages of a species and that varia- 
tion can occur even within an instar. In this study a dif- 
ference in susceptibility between larvai stages was ob- 
served with all compounds tested as contact poisons 
(tables 1 and 2) and was further emphasized when endrin 
was given orally to various instars (table 3). The LDso’s, 
when expressed as micrograms of toxicant per gram of 
body weight for fourth- to sixth-instar larvae, indicated 
that a physiological difference existed between instars and 
within the last instar, which was independent of weight. 
This variation in susceptibility to insecticides exhibited 
by various stages of a species is important, not only from 
the practical control aspect, where, in this instance, a 35- 
fold difference between fourth- and sixth-instar larvae 
could greatly influence field results, but also in laboratory 
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toxicity experiments and resistance studies. The variation 

that occurs naturally within a population should be 

established and understood for any set of conditions. 
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Seed Production and Certain Growth Characteristics of 


Insect-Free Alfalfa 


J.T. Mepier! 


ABSTRACT 


During 1948 and 1949, twenty-eight alfalfa clones, mostly of 
Cossack origin, were studied in a nursery at Madison, Wisconsin, 
under conditions of no insect control and control of sucking in- 
sects. The data showed clearly that more seed was produced in 
the insecticide treatments. Results indicated that the alfalfa 
clones had inherent differences in regard to good, medium, or 
poor seed production, but that the seed production was predom- 
inantly influenced by the environmental factors which prevailed 
during different growth periods and different years. 

Measurements on plant stems showed that insect attack con- 


Of several species of insects attacking alfalfa in Wis- 
consin, the tarnished plant bug, Lygus lineolaris (P. de 
B.), the alfalfa plant bug, Adelphocoris lineolatus (Goeze), 
and the potato leafhopper, Empoasca fabae (Harris), are 
the most important. The extent of damage by these suck- 
ing insects in the forage and seed production of alfalfa is 
difficult to evaluate because the insects are inconspicuous, 
even in tremendous numbers, and the symptoms of their 
injury may be confused with the effects of unfavorable 
soil or weather factors. The insect populations in alfalfa 
can be controlled by organic insecticides. Protection from 
injurious insects allows a more critical evaluation of other 
environmental factors, such as minor elements, moisture, 
and pollination, all of which may affect the growth, 
flowering and seed production of alfalfa. 

It can be hypothesized that differences between insecti- 
cide-protected and unprotected alfalfa plants, principally 
in the amount of seed produced, might provide informa- 
tion on the inherent ability of various alfalfas to with- 
stand insect attack. Any differences also might demon- 


sistently shortened internodes and reduced stem length. The 
shortening of the internodes occurred below and above the first 
flowering rachis, indicating a general stunting effect rather than a 
reduction only in terminal plant growth. Insect-injured stems 
produced the first branch lower on the stem and had more 
branches per stem. The increased seed production was a result 
of more multiple-podded rachises. 

It is concluded that alfalfa should be protected from the attack 
of certain sucking insects to properly evaluate inherent characters 
of plant growth and seed production. 


strate that alfalfas susceptible to insect injury have in- 
herent potentials of growth and seed production which 
‘an be expressed only if the insect factor is removed. Such 
information might be useful in research on seed produc- 
tion, especially with regard to the selection, hybridiza- 
tion, and increase of superior seed producing strains of 
alfalfa for use under insecticide conditions. 
Mernops.—Twenty-eight alfalfa plants representative 
of several genetic stocks, but mostly of Cossack origin, 
were selected in the fall of 1946 from a breeding nursery 
at Madison. The selections were based largely on obser- 
vations made in the summer of 1946 on the poor, medium 
and good seed production of the plants, none of which 
were protected from insects. Cuttings from the plant 
selections were propagated in a greenhouse. Plants of the 
28 clones obtained were planted in the spring of 1947 ina 
1 Associate Professor, Departments of Agronomy and Entomology, Uni- 
versity of Wisconisn. This study was supported in part by the Research Com- 
mittee of the Graduate School of the University of Wisconsin from funds 


supplied by the Wisconsin Alumni Research Foundation. Accepted for publi- 
cation May 7, 1958. 
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Table 1.—Grams of alfalfa seed obtained from 28 alfaifa clones in first and second growth, with insect control and no 
insect control in 1948 and 1949, University Hill Farm, Madison, Wisconsin. 





First GrowTH 


SECOND GROWTH 


1948 1949 1948 1949 
CLONE - — - 
No. SouRcE Wis. No. A® Bs \ B \ B 4 B Tora: 
1 Cossack 45-1 40.8 7.0 43.1 6.2 38.9 1.1 10.4 $.2 168.7 
Cossack 45-7 22.5 5.6 10.3 6.0 18.1 11.4 4.2 7 73.8 
3 Cossack 45-13 71.3 13.5 38.1 $.1 $1.5 7.8 7.6 1.9 174.5 
é Cossack 49-22 16.1 7.5 12.8 7.9 21.5 13.0 5.3 1.2 85.3 
5 Cossack 45-39 9.2 4.5 4.3 2.2 9.3 4.5 RS | 2 34.9 
6 Cossack 45-43 38.5 7.5 26.6 4.8 29.8 11.8 9.2 3.§ 131.5 
7 Cossack 45-44 39.0 17.9 28.4 13.0 46.3 22.6 §.7 8 173.7 
8 Cossack 45-48 33.6 37.4 17.6 2.5 48.2 20.4 9 9 165.5 
9 Montana Common BE-33 5.4 3.1 6.2 6 15.4 7.4 8 6 39.4 
10 LadakX Common C113-1 14.1 15.1 9.9 1.2 15.9 10.1 2.0 3 68.6 
11 Ladak X Coaiamon C113-13 37.8 6.7 40.7 8.1 8.9 5.6 4.5 8 113.1 
12 Cossack EH-8 30.4 Ta 29.4 $3.5 40.7 27.9 10.9 2 150.7 
13 Cossack EH-10 55.2 14.6 27.0 4.5 24.7 22.4 20.2 3.1 Fen.d 
14 Cossack AC292-1 24.7 9.3 14.3 4.5 15.5 8.3 2.4 a 79.7 
15 Cossack AC292-2 36.6 2.7 12.8 3.8 18.5 6.3 1.9 aes 83.7 
16 Cossack AC292-4 49 .2 16.0 14.2 720 17.9 8.6 §.1 .6 118.6 
17. Cossack AC292-17 35.4 6.3 10.8 4.4 14.7 6.8 2.5 1 82.0 
18 Nebraska Common 28-1224 17.0 12.3 14.3 4.1 10.3 5.5 7.6 2 71.4 
19 Ladak>X Cossack C111-12 43.8 23.1 18.5 5.5 26.1 9.3 8.1 1.5 135.9 
20 Ladak X Cossack C111-38 17.1 5.6 5.9 1.3 10.5 5.6 ef 2 47.9 
21 Ladak X Cossack €102-26 64.8 12.5 2.1 2.3 44.6 33.1 2.9 6 162.9 
22 ~=Ladak X Cossack €102-30 14.4 2.2 5.6 3.5 14.3 5.3 4.0 1.3 50.6 
23. ~=Ladak Lad. 433 50.3 23.6 46.8 9.6 11.8 5.0 3.9 1.8 152.8 
24 Hardistan Hstn-322 13.1 3.0 5.0 ee 24.5 5.6 2.9 2 55.4 
25 Swedish falcata SF-28 89.0 71.3 29.7 6.5 46.5 20.1 8.1 5 207.7 
26 Hardigan Hgn-23 50.0 25.7 12.2 2.2 $1.3 18.4 13.9 8 154.0 
27. Grimm G30-6 34.8 15.3 12.0 2.1 24.0 10.4 2.6 4 101.9 
28 Ranger Component A31B-3 45.0 10.3 18.8 3.9 33.5 11.6 6.3 1.5 130.9 
Total 999.2 323.3 517.4 125.4 688.2 343.6 160.3 29.4 3186.8 
1965.3 1221.5 





* A, insects controlled; B, no insect control. 


field nursery at 30’ intervals, in 12 randomized complete 
blocks. The plants became well established in the nursery 
during the summer of 1947. 

In 1948 and in 1949 the nursery was subjected to four 
treatments, each treatment containing three replications. 
The treatments were: (1), first growth saved for seed, in- 
sects controlled; (2), first growth saved for seed, insects 
not controlled; (3), second growth saved for seed, insects 
controlled; and (4), second growth saved for seed, insects 
not controlled. 

insect control was obtained primarily with DDT, but 
other insecticides such as toxaphene or parathion were 
used with DDT when a mixture was considered desirable. 
Sprays were applied with 3-gallon pressure-type equip- 
ment as often as necessary to maintain a protective resi- 
due. Therefore, no exact spray schedule was followed as 
the applications were determined by the insect population 
cycles and the rainfall, both of which were variable. 

Sweepings with an insect net were made at regular in- 
tervals in the insecticide-treated blocks to ascertain the 
residual effectiveness of the insecticide, but the natural 
populations in the untreated blocks were not disturbed by 
sweeping because the removal of insects from the plants 
would introduce an error. The relative abundance of the 
insects on the untreated plants was estimated by observa- 
tion. 

The seed harvested from the individual plants was 
cleaned and weighed. In addition, just prior to the seed 
harvest of the second growth in 1949, certain measure- 


ments were made on each of five stems selected at random 
from each of the three plants in a treatment (except clone 
23 which was weakened by disease and had insufficient 
growth). These measurements were: length of stem, num- 
ber of branches per stem, node location of the first branch, 
node location of the first flowering rachis, length of the 
internode below the first flowering rachis, length of the 
internode above the first flowering rachis, number of 
rachises with one seed pod, number of rachises with two 
seed pods, number of rachises with three or more seed 
pods. 

Resutts.—Table 1 gives the total seed obtained from 
the three plants of each clone in each treatment, along 
with information on the source of the 28 plant selections. 
The data for the 2-year period of the experiment are 
characterized by wide differences in yields between the 
clones, the treatments, and the years. The highest yield of 
seed was produced in treatments in which insects were 
controlled, in which the first growth was saved for seed, 
and in 1948. As considerable variation existed within and 
between treatments, the clone totals were ranked 1 to 28 
within each treatment, and the Olmstead & Tukey (1947) 
quadrant sum test for associations was used to determine 
the consistency of the data. 

A comparison of the rankings of the clones, (1), in 1948 
and 1949; (2), with and without insect control; (3), in the 
first and second growth periods; and (4), per cent increase 
of seed by insect control vs. total yield of seed, each 
showed no significance. Results indicated that whatever 
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inherent ability the alfalfa clones had in regard to good, 
medium, or poor seed production was predominantly in- 
fluenced by the environmental factors of growth periods, 
years, or insects. 

Additional associations were made as shown in table 2. 
Half were found to be significant. The non-significant 
associations were of interest because they could be inter- 
preted in relation to an insect factor. In the first growth of 
1948 the alfalfa plant bug gave a heavy infestation of 
about five insects per plant in the untreated blocks. In the 
second growth the insects were scarce, with only about 
one-half bug per plant. Leafhoppers were not a serious 
problem in 1948. In 1949, the alfalfa plant bug was scarce 
in the first growth, but an infestation of about three bugs 
per plant built up in the second growth. In the second 
growth of 1949 potato leafhoppers were abundant enough 
to cause considerable yellowing of plants. It is believed 
that the differences in insect populations in untreated 
blocks were responsible for the lack of significance found 
between the first and second growth in 1948, and between 
1948 and 1949. The majority of the clones fell in a 
middle range in one or more of the various treatments, 
but clones 25, 7, 13, and 1 were consistently good seed 
producers. Clones 24, 20, 9 and 5 were poor seed yielders 
no matter what treatment was used. These data suggest 
that the inherent ability to produce seed was relatively 
fixed; henee the seed yields would fall in a high, mediocre 
or low range no matter what treatments were imposed. 
However, significant association might not be shown from 
year to year under varying conditions of natural infesta- 
tion by injurious insects. 


Table 2.—Association of clones ranked 1 to 28 in various 
treatments, the quadrant sums, and their probability levels. 








TREATMENT ASSOCIATION SuM CANCE 
Insect control, 1948 First vs. second growth 6 none 
Insect control, 1949 First vs. second growth 16 <1% 
No insect control, 1948 First vs. second growth 9 none 
No insect control, 1949 First vs. second growth 15 <1% 
Insect control, first growth 1948 vs. 1949 14 1% 
Insect control second growth 1948 vs. 1949 19 <1% 
No insect control, first goowth 1948 vs. 1949 9 none 
No insect control, second growth 1948 vs. 1949 4 none 
1948, first growth Insect control vs. no 
insect control 4 none 
1948, second growth Insect control vs. no 
insect control 24 <1% 
1949, first growth Insect control vs. no 
insect control 21 <1% 
1949, second growth Insect control vs. no 
insect control 8 none 





The variations in the rankings of clones which char- 
acterized the data may have been caused by differential 
response to a number of factors in addition to the in- 
jurious insects, including aging of the plants, different day 
lengths, and weather conditions during the first and sec- 
ond growth periods. Also, a border effect is thought to 
have caused variation because an examination of data in 
conjunction with the plot diagram showed that extremely 
high or low yielding plants were frequently adjacent in 
treated and untreated blocks. Adequate guard strips in 
future experiments should reduce the problems associated 
with the border effect in small plots. 

The measurement data on the 27 clones are given in 
table 3. These data showed clearly that the attack of 
sucking insects was associated with a marked reduction 


Table 3.—Measurements of various plant characters of 27 alfalfa clones, with and without insect control (average 


of 15 random stems in second growth); and results of statistical analysis of data.* 





INTERNODE 
; 


LenGrTH (}") 
AROVE IsT 


INTERNODE 
Lenotu (}") 
Be.Low Ist 


Stem LENGTH BRANCHES 


Now 


(INcHES) Racuis Racuis PER STEM 
CLONE - - 
No. Ab BP A B A B A B 
1 30.7 20.1 13.6 7.6 11.6 4.4 3.5 4.9 
2 34.7 19.7 16.8 82. 10:8 5.5 4.56 65.9 
3 32.6 19.1 10.1 5.6 10.4 4.0 6.0 6.2 
{ 32.1 20.7 4. €2 3% 4.5 4.6 6.2 
5 $7.3 18.6 8.7 6.6 8.9 1.6 4.9 6.0 
6 24.3 16.5 12.8 7.6 9.9 5.5 5.1 5.7 
: 33.7 18.9 1.3. €&- i 4.3 5.5 6.3 
8 25.2 18.4 8.1 4.8 9.6 4.1 4.9 6.7 
9 25.3 16.0 7 47 Ba 3.9 $5 8.7 
10 32.0 19.6 ea . 69) Ts 41.8 4.1 §.1 
11 32.5 22.5 13.0 8.5 10.7 8.1 $.7- ta 
12 26.2 15.2 10.4 5.5 9.5 3.7 4.7 6.5 
13 26.5 17.4 11.1 6.6 9.3 1.9 3.9 5.6 
14 29.0 16.4 12.1 4.1 10.6 3.1 5.3 7,3 
15 32.4 19.7 11.5 7.9 9.9 5.2 S32 Es 
16 29.9 16.2 13.2 5.3 9.9 4.1 74 6.1 
17 38.0 18.1 14.4 ‘2. 16.9 3.2 é6. 67 
18 ee 17.0 15.5 = i$ 3.4 $6 5.8 
19 32.1 20.7 14.5 6.5 11.6 5.4 4.7 5.9 
20 27.4 16.7 12.5 6.1 11.5 3.9 25. 6 
21 27.5 15.3 13.7 4.9 10.3 2.9 3.8 Bes 
22 26.1 22.3 14.3 8.0: 13.7 5.5 4.7 §.7 
24 26.9 17.2 15.9 §.5 12.1 4.5 2.9 6.5 
25 25.5 15.0 7.9 4.1 8.2 3.2 &2 84 
26 30.1 19.3 16.0 5.9 11.9 1.1 5.3 6.4 
27 27.5 19.7 9.0 7.8 9.9 5.4 3.6: G7 
28 26.9 18.2 ME 6. 94 1.8 4.4 5.9 
Average 29.3 18.3 se 6... 1S 4.5 7 66 
F value 6.39*%* 2.67** 3.82** 2.05* 1.58ns 1.67ns  6.60** 1.87* 
C' 18.1 %.7 398.3 62.8 44.8 71.3 30.0 28.8 2% 
Fy 1.98t 2.08¢ 3.28t 1.16 ns 
F,! 1.17 ns 1.64 ns 2.31t 1.50 ns 


OU OU Ge Ge Ge de Gt St de Ce CC 


eee Ct te ON te he 


rPNIOrot 


Nope Location 


A 


RACHISES PER STEM WITH 
Nope Location ——— : : ote ae 
3 or More 


or First or First 
BraANcH Racuis 1 Seed Pod 2 Seed Pods Seed Pods 
B A B A B A B A B 
7 ¢€3> 8.9 8.9 3.7 4.3 2.6 1.9 12.7 2.6 
1 4.9 9.6 8.6 4.4 2.1 2.9 2 4.1 43 
6 4.6 10.7 9.8 8.4 7.5 1.0 a3 6.0 4.2 
1 4.9 10.0 9.7 6.3 3.5 5.2 Fak Be oy 
7 5.0 16.0 9.4 3.4 1.4 1.1 .0 1.3 sl 
0 4.6 9.0 9.1 11.1 8.8 8.5 4.5 16.7 4.3 
3 4.3 10.5 9.1 5.6 7.3 4.3 3.1 8.7 3.1 
7 4.5 10.0 10.7 6.0 72 4.5 3.7 16.7 5.7 
1 4.3 10.1 10.7 3.7 2.7 2.3 9 7.9 1.3 
§ 5.3 11.2 10.5 3.3 1 2.2 5 5.3 3 
4 5.4 10.9 10.5 8.3 5.9 3.6 on 4.8 6 
6 6.3 Y 10.4 10.6 5.3 4.7 ye 9 11.5 a 
0 5.1 ‘3 9.4 10.1 7.5 6.3 5.2 3.4 17.2 5.6 
3 6.2: 8 14 BS 3.4 9 3.1 1 10.3 a 
6 5.1 i 9.4 9.2 3.1 2.9 2.6 5 4.7 1.0 
0 5.1 ¥ 9.6 10.3 7.1 1.6 4.9 6 10.3 5 
Oe: 12.9 11.2 4.1 an a 0 4.3 0 
8 5.2 9.7 10.3 5.9 1.5 2.3 5 6.6 2 
+ OG 9.7 10.1 7.2 7.8 6.3 3.4 13.9 4.8 
9 4.1 9.6 8.7 2.9 2.9 2.1 6 3.5 5 
4 5.0 10.8 10.3 3.3 nee 1.4 2 4.6 sy 
5 4.7 8.7 9.1 10.7 8.2 4.3 1 3.9 2.6 
i) 4.9 10.1 9.3 2.9 3.7 1.9 1.0 6.1 9 
6 4.2 11.1 9.9 4.4 2.6 4.5 1.1 16.5 6 
0 5.6 12.6 11.7 3.5 4.8 3.3 6 19.1 4 
3 6.4 9.3 9.3 6.5 8.7 5.4 3.1 8.6 4.5 
§ 4.7 9.7 9.0 3.0 5.3 3.0 1.6 9.9 3.2 
4 4.9 10.2 9.9 5.4 4.3 3.6 1.5 8.9 1.8. 
44** 1.32 ns 4.97** 3.71%* 2.65°* 2.04% 3.01%* 2.31°*  4.68°* 2.13 
2 32.2 17.2 18.9 103.1 169.3 101.9 227.3 100.8 279.4 
1.50T 1.00 ns 1.07 ns 2.92f 7.32T 
1.00 ns 1.13 ns 1.71 ns 1.16 ns 3.18t 





‘ The writer expresses appreciation to Prof. R. G. D. Steel and the Numerical Analysis Laboratory (Project 4946) for help with the statistical analysis of the 


\, insects controlled; B, no insect control. 


“ Fs=ratio of sampling error variances in insect control and no insect control blocks. 


“ &°=ratio of error variances in insect control and no insect control blocks. 
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in stem and internode length. The shortening of the inter- 
node below and above the first flowering rachis, which 
caa be correlated with the shortening of the stem, indi- 
cated that the effect of insect injury was generalized. A 
pronounced shortening of internodes in the terminal 
growth of alfalfa is a well-known and characteristic symp- 
tom of plant bug or leafhopper injury. It was therefore of 
interest to find significant variation among clones both in 
the stem length and the length of the internode below the 
first flowering rachis, but no significant variation in the 
internode length above the first flowering rachis. This 
variability may reflect a cumulative effect of insect tox- 
aemia caused by different numbers of attacking insects, 
and an expression of the stunting symptoms especially at 
the time of first flowering and thereafter. 

The clones showed significant differences in branching 
habit, node location of the first branch, and node location 
of the first rachis in both the insect control and no insect 
control treatments, except that the node location of the 
first branch was not significant in the latter treatment. 
The loss of significance probably was associated with the 
earlier initiation of branching caused by insect attack, as 
the average node location shifted from 5.4 to 4.9. A slight 
downward shift of the node location of the first flowering 
rachis occurred, but the significant differences between 
clones in both treatments is consistent with the report by 
Medler ef al. (1955) that this character is associated with 
both day length and inherent differences in plant selec- 
tions. The attacks of sucking insects may result in abor- 
tion of rachises, but the location of the first flowering 
rachis can still be determined. Stems attacked by insects 
showed a higher average number of branches, and data 
were consistent for all clones except clone 16, which had 
more branches per stem in the treatment with insecti- 
cide. 

The source of the wide variation in seed production can 
be explained in relation to the pod count on the flower 
rachises, all of which were significant between clones with 
or without insect control. The average ratio of rachises be- 
tween insect control and no insect control was 5.4 to 4.3 
for one pod, 3.6 to 1.5 for two pods, and 8.9 to 1.8 for three 
or more pods. The results indicate that differences in seed 
production are in direct relation to the greater number of 
viable flowers on a rachis, each available for pollination 
and seed production, which exist on plants protected from 
injurious insects. 

Discussion.—It is well known that alfalfa is a highly 
variable species. In the search for improved genetic 
stocks, agronomists and plant breeders have evaluated 
many varieties and strains of alfalfa, principally for for- 
age yield, hardiness, and bacterial wilt resistance. Re- 
search on insect resistance has been largely incidental. 
Carlson (1935, 1946) reported that alfalfa under Utah 
conditions showed a marked difference in response to in- 
sect injury, as measured by seed production. Wilson et al., 
(1953, 1955) reported on insects and varietal differences in 
forage production in Indiana. In the Wisconsin experi- 
ment, the evaluation of the 28 vegetatively propagated 
clones in a replicated test showed conclusively that wide 
variability existed among the plant selections. In a large 
measure this variation was established by studying insect- 
free plants in comparison with the same plants exposed 
to insect attack. However, the experiment did not allow 
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a differentiation between the injurious insect factor an 
the pollination factor, as the pollinators were not under 
control. The nursery area was small and the plants were 
randomized in the blocks, so it was assumed that visits of 
pollinators also were at random. If the assumption was 
correct, the seed production should be correlated with the 
presence of uninjured plants and flowers. The correctness 
of the assumption was strengthened by the fact that the 
measurements of certain plant characters showed the 
effects of insect injury. Sorenson (1932, 1936) demon- 
strated that a relationship existed between plant bugs, 
flower drop, and shriveled seed in alfalfa and Carlson 
(1940), and Hughes (1943) reported on plant bug damage 
to alfalfa in relation to seed production. They showed that 
direct feeding on flower buds, and flower embryos was 
injurious. 

Critical research is needed on the possible systemic ef- 
fect of plant bug toxins, especially in relation to growth 
following removal of the insects. Carter (1952) discussed 
the matter of mechanical versus toxic damage caused by 
plant bugs. It might be mentioned that, in connection 
with other research on alfalfa seed production, I have 
made applications of insecticide to plant bug-infested 
alfalfa after considerable flower loss, and observed the 
production of new flowers and seed pods. Therefore, I be- 
lieve that the toxic effect of plant bugs is non-persistent 
in alfalfa plants. Of course, the general debilitating effect 
and flower loss of the earlier injury would remain a factor. 
My field observations require the support of further 
study, possibly to show to what extent alfalfa at various 
growth stages can recover following the cessation of plant 
bug attack. 

The differences reported on the yields of seed between 
insecticide-protected and unprotected alfalfa is consistent 
with data of numerous investigators. The qualitative and 
quantitative differences in plant growth are not so well 
known. MacLeod & Jeppson (1942), and Jeppson & Mac- 
Leod (1946) showed that the average daily growth in- 
crement declined sharply following the introduction of 
Lygus nymphs. Plants recovered quickly when insects 
were kept off. Both green and dry weights of plants were 
reduced in direct proportion to the number of insects 
which were permitted to feed upon them. In cage experi- 
ments, Stitt (1948) demonstrated a reduction in the 
growth of alfalfa caused by various sucking insects, in- 
cluding Empoasca fabae and Lygus spp. He also asso- 
ciated plant heights and appearance of plants with injury 
occurring under field conditions. The data (table 3) show 
that the reduced growth of the alfalfa is a result of 
shortened internodes. Stems of injured plants have more 
branches then insect-free stems. The characteristic injury 
symptoms caused by the sucking insects may be related 
to a disturbance in the auxin balance of the plant, as a 
results of the insect secretions, but little information is 
available on this possible effect of insect feeding on 
growth and differentiation in plants, as pointed out by 
Allen (1951). Nuorteva (1955) hypothesized that the 
salivary toxins of insects may originate from the host 
plants, and may not be produced by the insects. Thus, it 
would appear that a critical study on the biochemical 
feeding relationships between sucking insects and plants 
is fundamental to future programs on the selection of 
plants resistant to the insects. 
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Transmission of the Oak Wilt Fungus by Certain 
Woodland-Inhabiting Drosophilidae! 


Cuar.es L. Griswoup, Ohio Agricultural Experiment Station, Wooster 


ABSTRACT 


Five additional members of woodland-inhabiting Drosophili- 
dae were found capable of transmitting the oak wilt fungus, 
Ceratocystis fagacearum (Bretz) Hunt, in controlled tests in Ohio 
following the success in obtaining such transmission with 
Drosophila melanogaster Meig. previously. These included 
Drosophila putrida Sturt., D. funebris Fab., D. tripunctata Loew, 
D. busckii Coq., and Parascaptomyza disticha Duda. 

Pomace flies were obtained by rearing them from oak wilt 
fungus mat cultures or slices of banana used as bait in traps set 
out in woodland areas and from mushrooms and decaying man- 


Following the suecess in obtaining transmission of the 
oak wilt fungus, Ceratocystis fagacearum (Bretz) Hunt, 
with Drosophila melanogaster Meig. in controlled tests 
during 1953 and 1954 in Ohio (Griswold 1953, 1955, 
1956), it seemed desirable to learn whether other wood- 
land-inhabiting members of the family Drosophilidae 
might also be capable of effecting such transmission. 

In an effort to gain this information, attempts were 
made during 1955 and 1956 to obtain suitable material 
for testing. As a result, 15 species of Drosophilidae? were 
reared from oak wilt fungus mat cultures or slices of 
banana used as bait in traps set out in woodland areas 
where oak wilt was known to be present and from mush- 
rooms and decaying, ripe mandrake fruits that had grown 
in such areas (table 1). 

Ten of the 15 species of Drosophilidae obtained were 
then re-reared in the laboratory on media of oak wilt 
fungus mat cultures in sufficient numbers for use in tests. 
Drosophila melanogaster was not used because of the posi- 
tive oak wilt fungus transmission results obtained with 
it previously. Leucophenga varia could not be used be- 
cause of the failure to obtain additional material after the 


drake fruits collected in such areas. Oak wilt fungus mat cultures 
were used as media for re-rearing the flies in sufficient numbers 
for testing. 

Fungus transmission was obtained by allowing the flies to feed 
first upon fresh, sporulating oak wilt fungus mat cultures and 
shortly afterward upon fresh xylem wounds of healthy oaks. 
It was shown from the results of the tests that regardless of cer- 
tain possible limiting factors, these six members of woodland- 
inhabiting Drosophilidae must be considered as potential vectors 
of the oak wilt fungus. 


few adults originally reared were killed and preserved for 
use in identification. Although Drosophila affinis, robusta, 
and immigrans were re-reared, the number of adults that 
became available was inadequate for testing purposes. 

While D. busckii, D. tripunctata, and D. quinaria were 
not reared from any of the oak wilt fungus mat cultures 
used in the woodland area traps, they bred prolifically 
in the laboratory on such cultures, and successive gen- 
erations of D. busckii and D. tripunctata were reared 
continuously on them for over a year from the adults 
originally obtained. 

Oak wilt fungus transmission tests were made in the 
laboratory with the 10 species of Drosophilidae as ma- 
terial became available during the summer and fall of 
1955 and the spring and summer of 1956. The flies used 
in each test were first introduced and kept for about 2 
days in petri dishes containing sporulating oak wilt 

1 Accepted for publication May 12, 1958. 

2 Representative specimens of all cultures of Drosophilidae except Drosophila 
melanogaster were determined by Drs. W. W. Wirth, M. R. Wheeler, and P. H. 
Arnaud of the Entomology Research Division, U.S. Dept. of Agriculture. 


Specimens of the D. melanogaster culture were determined by Dr. Warren P. 
Spencer of Wooster College, Wooster, Ohio. 
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Table 1.—Drosophilidae taken in woodland areas and 
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Table 3.—Summary of all oak wilt fungus transmission 
tests made with Drosophilidae during 1955 and 1956. 





sources from which they were reared. 


Oak 
WILT 
FuNGUs 
Mat 
CuL- Ba- Man- 
TURE NANA MUSH- DRAKE 
Trarps Traps rooms Fruits 


Species OF DROSOPHILIDAE 


D. melanogaster Meig. 


x x 
D. affinis Sturt. x x x x 
D. transversa Fall. x x 
D. putrida Sturt. x x x 
D. tripunctata Loew x 
x x 


D. quinaria Loew 
D. busckii Coq. x x 
D. robusta Sturt. 

D. duncani Sturt. 
D. funebris Fab. 

D. repleta Woll. 

D. immigrans Sturt. 
Leucophenga varia Walk. x 
Chymomyza amoena Loew 
Parascaptomyza disticha Duda x 


i. ee | 


~ 





fungus mat cultures producing endospores only.* During 
this period, the flies not only did a considerable amount 
of feeding on the small globules of moisture formed on 
the hyphae of the fungus and upon the hyphae them- 
selves, but frequently laid eggs in the mat cultures also. 
The flies were then transferred to cages containing 
healthy oaks with the main stems or main stems and 
branches freshly pruned, thus giving the flies access to 
fresh and slightly moist wounds of severed xylem tissue. 
The oaks were grown in the nursery, transplanted into 
pots, and kept in an out-of-door screened cage until used 
in tests. 

Some of the flies of all species used, except Drosophila 
duncani, were attracted to the wounds upon which they 
fed and usually deposited excrement droplets. Some of 
the droplets were of milk-like consistency and it is prob- 
able that at least some of them may have been small 
enough to be almost completely absorbed by the severed 
xylem vessels without leaving a visible trace of their 
presence. No examinations or tests were made of any of 
the excrement deposited by the 10 species of Drosophili- 
dae used in 1955 and 1956 after they fed upon the sporu- 


Table 2.—Instances of oak wilt fungus transmission obtained in tests with Drosophilidae during 1955 and 1956. 





EstiMaTeD No. or 
No. Fires Positiv: 


No. Usrep TRANs- 

Tests PER MISSIONS 

Sprecies OF DrosopHILipAE Mabe Test OBTAINED 
Drosophila transversa Fall. 1 20 0 
D. putrida Sturt. 2 50 2 
D. repleta Woll. 1 25 0 
D. funebris Fab. 4 65 1 
D. tripunctata Loew Sf 45 Q 
D. quinaria Loew 16 30 0 
D. busckii Coq. 55 45 5 
D. duncani Sturt. 2 50 0 
Chymomyza amoena Loew 8 20 0 
Parascaptomyza disticha Duda 6 45 1 





lating oak wilt fungus mat cultures, but viable spores of 
C'. fagacearum were previously found present in such ex- 
crement of Drosophila melanogaster (Bart & Griswold 
1953). 

The flies were removed from the cages within 24 hours 
after their introduction because the wounds usually 
began to dry out and lose their attractiveness as feeding 
courts by the end of that period. The test oaks were then 
returned to and kept in an out-of-door screened cage 
where they were examined almost daily during the foliar 
season for the appearance of disease symptoms. The oaks 
found exhibiting such symptoms were subsequently cul- 
tured.’ 

Resutts.—Eleven instances of oak wilt fungus trans- 
mission were obtained with five of the 10 species of 
Drosophilidae used in the 1955 and 1956 tests. Details of 
the tests resulting in such transmission are presented in 
table 2 and a summary of all tests made with Drosophil- 
idae during the same period is given in table 3. 

Discussion.—It has been demonstrated that five 
woodland-inhabiting members of Drosophilidae besides 
D. melanogaster are capable of transmitting the oak wilt 
fungus to healthy oaks under controlled laboratory con- 
ditions. These include Drosophila putrida, D. funebris, D. 


3 Dr. G. J. Bart of the Botany and Plant Pathology Department of the Ohio 
Agricultural Experiment Station supplied the oak wilt fungus mat cultures 
used, and cultured all test oaks that developed any type of disease symptoms. 








No. Hours F ures 


CONFINED No. VISIBLE 


Oak EXcREMENT Date oF 
DATE —— EstimatEep With Droptets First Ap- 

Test Species Age No. Fires With Mat Wounded DEPOSITED PEARANCE OF 
Species OF DrosopHILIDAE BEGUN Used (Yrs.) Usep Cultures Trees oN Wounps SYMPTOMS 
Drosophila busckii Coq. 9/ 2/55 Red 2 50 24 8 3 6/29/56 
D. busckii Coq. 9/ 4/55 Red 3 50 48 17 3 6/17/56 
D. busckii Coq. 4/24/56 Red 3 10) 48 5 3 7/26/56 
D. busckii Coq. 6/ 5/56 Pin 3 50 24 16 0 9/15/56 
D. busckii Coq. 7/30/56 Pin 3 50 o4 17 3 8/29/56 
D. putrida Sturt. 7/ 9/56 Pin 3 70 24 3 0 8/31/56 
D. putrida Sturt. 7/30/56 Pin 3 40 48 17 10 9/14/56 
Parascaptomyza disticha Duda 7/30/56 Pin 3 30 48 17 9 9/14/56 
D. tripunctata Loew 8/17/56 Pin 3 50 48 24 9 10/20/56 
D. tripunctata Loew 8/21/56 Pin 3 60 24 17 38 10/20/56 
D. funebris Fab. 8/13/56 Red 4 (mos.) 25 96 24 2 9/24/56 
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iripunctata, D. busckii, and Parascaptomyza disticha. It 
seems probable that these six species of Drosophilidae 
would be capable of effecting oak wilt fungus transmis- 
sion in nature also, provided fresh, natura! mats of the 
fungus and fresh, xylem wounds of healthy oaks were 
accessible at the same time and the flies fed first upon the 
mats and shortly afterward upon the wounds. However, 
such mats must not only have developed in diseased oaks 
hut must have grown sufficiently to crack the bark cover- 
ing them to make them accessible. They must also be 
fresh enough to emit the characteristic cidery odor that 
attracts the flies and to bear moisture-laden hyphae upon 
which the flies like to feed. Such wounds might be caused 
by high wind, lightning, attacks by animals and birds, 
or by man through blazing and pruning or bruising in 
lumbering operations. 

Conc.usions.—Despite the relatively low incidence 
of oak wilt fungus transmission obtained under controlled 
laboratory conditions with D. putrida, D. funebris, D. 
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tripunctata, D. busckii, P. disticha, and D. melanogaster 
and the seemingly exacting conditions required for such 
transmission by them in nature, these six woodland- 
inhabiting members of Drosophilidae must nevertheless 
be considered as potential vectors of the oak wilt fungus. 
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Tests for the Control of Tetranychus telarius (L.) on Lima Beans! 


Maurie Seme., Long Island Vegetable Research Farm, Riverhead, N. Y. 


ABSTRACT 


In 3 years of field studies designed to test various compounds 
for their acaricidal effectiveness against the two-spotted spider 
mite, Tetranychus telarius (L.), on lima beans, it was found that 
parathion and a number of other compounds, although definitely 
toxic to this species, would not provide sufficient economical 
control under field conditions when applications were begun 
after high populations had become established. Of the com- 
pounds tested, three systemic materials, Thimet, Am. Cyanamid 


12008 and demeton, were very effective. Two applications made 


The two-spotted spider mite, Tetranychus telarius (L.), 
is of concern to lima bean growers on Long Island during 
most growing seasons. Under conditions existing during 
numerous growing seasons, certain of the acaricides re- 
ceiving the approbation of various spray advisory 
agencies fail to give favorable results. This failure has, 
at times, been ascribed to “resistance,” but the existence 
of this factor has not as yet been established in this area. 

In the course of a number of planned experiments, and 
in taking note of customary grower practices, as well, it 
has been observed that the commonly recommended 
insecticide, parathion, when used under conditions of 
severe infestation, may fail to provide satisfactory con- 
trol even when the plants are completely and thoroughly 
covered by the spray applications. The experiments con- 
ducted in 1955 and subsequently were designed to deter- 
mine whether other compounds might be substituted for 
parathion in the event applications are delayed so that 
a heavy buildup of mite numbers occurs. A parallel 
objective has been to find a compound, or compounds, 
capable of providing control of the other insects making 
up the complex of pests which is generally destructive to 
lina beans on Long Island. These include the Mexican 
bean beetle (Epilachna varivestis Muls.), green clover- 


a week apart, after the mites became established, were adequate 
for seasonal control. Other promising compounds were Kelthane, 
Hercules AC-528, Monsanto 8574 (tetramethyl (dithiodimeth- 
ylene) diphosphonate), Trithion, Bayer 19639, ethion, Am. 
Cyanamid 18706 (0,0-dimethyl S (N-ethylearbamoylmethy]) 
phosphorodithicate), and Niagara 908 (copper complex of 
cuprous O,0-dialkyl phosphorodithioate with bis (dialkoxy- 
phosphinothioyl) disulfide). 


worm. (Plathypena scabra (F.)), European corn borer 
(Pyrausta nubilalis (Hbn.)), corn earworm (Heliothis zea 
(Boddie), and bean aphid (Aphis fabae Scop.). 

GENERAL ProcepuRE.—All experiments were con- 
ducted at the Long Island Vegetable Research Farm at 
Riverhead, N. Y. The Fordhook and Fordhook 242 
varieties of lima bean were used as the test crops in 1955, 
and in 1956 and 1957, respectively. From previous expe- 
rience, it was found desirable to artificially inoculate the 
plantings with mites reared on lima beans in the green- 
house so as to ensure an adequate and evenly distributed 
infestation. Wileox & Howland (1957) discuss the type of 
population variation that may exist in an infested plant- 
ing. A method of artificial inoculation is described by 
Huckett (1948). In the described method, crocks con- 
taining mite-infested bean plants were placed at uniform 
distances along the borders of the experimental block to 
ensure an infestation. It was felt, however, that the re- 
quired uniformity of infestation is not realized in this man- 
ner. Therefore, another plan was adopted whereby heavily 


1 Accepted for publication April 2, 1958. 

Regardless of the results reported herein, tolerances have not been established 
nor exemptions granted for a number of the pesticides tested on lima beang 
and these may not be used on this crop. 
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infested leaflets were stapled to lower leaves of the field- 
plants at regular intervals along the length of each row 
in the test blocks. Eight- or 10-foot intervals were used. 
No attempt was made to count the number of mites on 
each leaflet used as a source of inoculum and only heavily 
infested foliage was selected. Random counts indicated 
populations ranging from 232 to 376 mites per leaflet. 

Treated plots were two rows wide and were separated 
from adjacent plots of other treatments by two-row 
buffer zones which were left untreated throughout the 
experiments. A locus of continuous infestation was thus 
assured. Applications were begun when mite damage to 
the leaves was evident, and when random counts in- 
dicated that the mite population had developed to a high 
level over the entire block. 

Sprays were applied by means of a tractor-mounted 
power sprayer operating at a liquid pressure of 250 pounds 
per square inch. Three Spraying Systems Flat Spray, 
TeeJet nozzles were used per row, and two rows were 
sprayed at one time. A single nozzle was placed over the 
row-center and directed the spray downward over the 
plants. The others were situated on drops extended on 
either side of the row from whence the discharge was 
emitted slightly upward and into the sides of the plants. 
The rate of output was 100 gallons per acre in 1955 and 
104 gallons in subsequent seasons. 

When necessary, supplemental sprays of methoxychlor 
and maneb were applied to the entire block for Mexican 
bean beetle, green cloverworm, and downy mildew control. 
In order to improve the wetting and spreading properties 
of the spray formulations, Triton B-1956 was included in 
each treatment at the rate of } pint per 100 gallons. 

The relative effectiveness of the differential treatments 
was based on the differences in yield of unmarketable, 
or cull, pods at harvest. The pods of all plots were picked, 
graded, and weighed. In addition, the number of plants 
involved in the harvest was determined. The yields were 
computed on a 25- or 50-plant basis. The pods were 
examined and separated into three arbitrarily selected 

“ategories. Grade A included all those pods free of mite 
injury. Grade B contained pods which were slightly 
specked. These grades constituted the marketable harvest. 
The remaining, badly blotched pods were relegated to the 
cull class. The percentage of culls found in each plot was 
converted to its corresponding angle (Snedecor 1950) 
prior to statistical assay in an analysis of variance. 

1955 Exprertmment.—The plots were randomized in 
each of six replicates. Each treatment consisted of a two- 
row plot, 30 feet in length. The compounds tested are 
listed in table 1. 

The seed was planted on June 7 and harvest data were 
taken on August 19 and 20. The experimental block was 
artificially inoculated, as previously described, on July 1. 
Approximately 3 weeks later, all plants were moderately 
infested. Applications were made on July 30 and August 6 
of the major portion of the compounds included in the 
test. Demeton, Am. Cyanamid 12008 and Thimet were 
applied on July 30 only. Applications of Phosdrin were 
made on July 30, August 6 and August 15. 

Results.—The population of mites that was established 
as a result of artificial dissemination greatly exceeded 
expectations. Before making actual assessment of the pod 
injury, it was very evident that certain of the treatments 
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had given excellent control under conditions of extremely 
severe infestation. The establishment of this high popu- 
lation was attributed to three factors: (1) the method of 
artificial inoculation, (2) the extremely arid growing sea- 
son, and (3) the presence of a large number of unsprayed 
buffer rows within the test block. 

Subsequent determinations of the yields substantiated 
the previously observed foliar condition of the affected 


Table 1.—Control of Tetranychus telarius (L.) on lima 
beans grown on Long Island, 1955-57. 





MARKET- 
ABLE Pops 
(Pounps)° 


AMouNT Per 
Usep PER CENT 
100 Gats_)—s CULLS 





MEAN 
TREATMENT® ANGLE? 
1955 Experiment 
Kelthane Em (2)4 2 pt. 
Hercules AC-528 Em (2) 1 pt. 
Demeton Em (2) 1 pt. 
Hercules AC-528 25° Wp 1 Ib. 
Kelthane 25% Wp 2 Ib. 
Am. Cyanamid 12008 Em (4) 1 pt. 
Niagara 908 25% Wp 4 Ib. 
Thimet Em (4) 1 pt. 
Malathion Em (5) 2 pt. 
Phostex 25% Wp 4 Ib. 
Parathion 15% Wp 2 Ib. 
Chlorthion 25% Wp 2 Ib. 
Toxaphene 40% Wp 3.75 Ib. 
Chlorthion Em (4) 1 pt. 
Toxaphene Em (6) 2 pt. 
Phosdrin Wm (10.4) 0.19 pt. 
Dipterex I 50% Sp® 2 Ib. 
DDVP 5% Wp 10 Ib. 
DDVP 5% Wp+Aroclor 20% 10 Ib. 
Untreated check 
L.S.D. at 1% level 
at 5% level 
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1956 Experiment 
1 pt. 
2 pt. 

2 pt. 
1 pt. 
1 pt. 
1 pt. 
1 pt. 
2 pt. 
1.2 pt. 
1 pt. 
1 pt. 
1 pt. 
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Thimet Em (4)4 
Kelthane Em (2) 
Monsanto 8574 Em (2) 
Am, Cyanamid 12008 Em (4) 
Hercules AC-528 Em (4) 
Bayer 19639 Em (2) 
Demeton Em (2) 
Monsanto 11448 Em (2) 
Parathion Em (2) 
Trithion Em (4) 
Ethion Em (2) 
Bayer 23129 Em (2) 
Chlorthion Em (4) 1 pt. 
Malathion Em (5) 2 pt. 
Phostex 25% Wp 4 Ib. 
Monsanto 10851 Em (2)! 2 pt. 
Dipterex 50% Sp 2 Ib. 
Monsanto 11327 Em (2)8 2 pt. 
Monsanto 10502 Em (2) 2 pt. 
Untreated check 

L.S.D. at 1% level 

at 5% level 


SEN VW "AGG Se = 


lb emailed 
eS Bd 


1957 Experiment 
1 pt. 3. .58 
1 pt. 5.4 3.13 
Monsanto 8574 Em (2) 2 pt. § 3. 32 
Trithion We (4) pt. 8.: .73 
Demeton Em (2) pt. 3.4 7.32 
Bayer 19639 Em (2) pt. 9. 45 
Hercules AC-528 Em (4) pt. . 94 
Ethion Em (2) pt. .d 9.82 
Kelthane Em (2) 2 pt. F 06 
Am. Cyanamid 18706 Em (2) pt. Py .70 
Guthion Em (1.5) . 67 pt. 9.6 5.27 
Parathion Em (2) .2 pt. $1. 33.97 
Thiodan Em (2) 2 pt. 6 .14 
Phosdrin Em (2) 1 pt. 53.6 .05 
Tedion 25% Wp 1 Ib. 53. 7.05 
Dibrom Em (4)! 0.5 pt. 32. 52.48 
Untreated check .58 
L.S.D. at 1% level 8.56 
at 5% level .43 


Am. Cyanamid 12008 Em (4)4 
Thimet Em (4) 
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® Em, emulsifiable concentrate; Wp, wettable powder; Sp, soluble powder. 
We, water emulsion concentrate; Wm, water miscible concentrate. 

b Average of six replications in 1955; four replications in 1956 and 1957. 

© Per 25 plants in 1955 and 1956; 50 plants in 1957, 

4 Number in parenthesis indicates pounds of active ingredient per gallon. 

© Formulated on sugar carrier. 

f 2-chloro-4,6-bis(diet hoxyphosphinothioylthio)-s-triazine. 

£ 0-0-dimethy] S-(2-propynyl) phosphorodithioate. 

bh 1-(dimethoxyphosphiny]) vinyl] dimethyl phosphate. 

i 0-0-dimethy]-0-(1,2-dibromo-2,2-dichloroethyl) phosphate. 
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bean plants. It was apparent, however, that the yield of 
marketable pods was a more valid indication of the rela- 
tive effectiveness of each treatment. These data are pre- 
sented in table 1. From the data, it may be seen that all 
treatments resulted in a marked improvement in the 
yield of marketable pods. The nature of the infestation 
may be judged by noting that 81.2%, by weight, of the 
beans harvested from the check plots were classed as culls, 

The results indicate that Kelthane and Hercules AC- 
528 were very effective in the control of the two-spotted 
spider mite. In this test, the emulsifiable formulations of 
these compounds gave consistently better results than the 
wettable powders. One application of demeton was 
equally effective. Two of the other systemic compounds, 
Am. Cyanamid 12008 and Thimet, also showed promise. 
As noted previously, only one application was made of 
sach of these materials. Phosdrin, a systemic with a short- 
life residuum, apparently was of little value under condi- 
tions of extreme infestation. It appears that the need for 
rather close scheduling under such conditions would pre- 
clude its use for seasonal control of the spider mite. Of 
the other compounds tested, Niagara 908 at 1 pound ac- 
tive ingredient per acre showed. promise. Parathion, in 
this test, failed to provide adequate control as was the 
case with most of the others. 

It may be seen from table 1 that the yields of market- 
able pods are generally correlated with the amount of 
injury encountered although not always in the same 
order of effectiveness as when the ranking is derived from 
the determination of the percentage yields of cull pods. 

1956 ExpertMent.—Fordhook 242 bush lima beans 
were planted on June 6. The crop was harvested on 
August 31 and September 1 at which time the pods were 
scored and weighed. The plots consisted of two rows, each 
33 feet long, and were replicated four times. Each row in 
the block was subjected to an artificial mite infestation 
on July 25. Differential applications were made on 
August 11 and repeated 1 week later. A series of 21 com- 
pounds was tested. 

Results —The plots did not become as heavily infested 
as in 1955 but the infestation was uniform throughout 
the plots and considered ample in that approximately one- 
half the harvested crop in the untreated control plots was 
severely damaged. The information provided in table 1 
indicates that most of the treatments resulted in a sig- 
nificant reduction in serious injury. Only 1.9% of the 
harvested pods in the Thimet-treated plots were affected. 
At least 90% of the pods in the plots treated with Kel- 
thane, Monsanto 8574, Monsanto 11448 (hexamethy! 
\(dimethoxyphosphinylthio) methylidyne| triphospho- 
nate), Am. Cyanamid 12008, Hercules AC-528, Bayer 
19639, Bayer 23139 (0,0-dimethyl S-2-(ethylthio) ethyl 
phosphorodithioate, demeton, parathion, Trithion, or 
ethion were marketable. Contrary to the findings of 
Huckett (1948), toxaphene gave only fair control at the 
rates used. 

1957 ExperimMent.—The block was seeded May 29. 
All rows of the block were inoculated with mite-infested 
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leaves on July 3. There was a slight variation in the 
method of inoculating the rows to be treated from that 
described previously. Rather than stapling infested 
leaves onto the field plants, entire leaves were merely 
placed within the plants at the selected interval. The 
plots were replicated four times and consisted of two, 48- 
foot rows. The first application was made on July 30 when 
signs of mite-feeding injury were evident. This was fol- 
lowed by an application on August 6. The plots were 
harvested, and injury data taken, on August 20 and 21. 

Conditions existing during this season were optimum 
for mite development and, as a result, three-quarters of 
the pods harvested from the untreated plots were severely 
injured. At the time of harvest, most of the plants in these 
plots, and in those treated with relatively ineffective 
acaricides, were severely defoliated. 

Results.—Under the exacting conditions of 1957, Am. 
Cyanamid 12008 and Thimet gave excellent results. 
Plants of these plots were green in color and, aside from 
the few plants which were initially infested artificially, 
there were no signs of mite-feeding injury. Good control 
was obtained with Monsanto 8574, Trithion, demeton, 
Bayer 19639, Hercules AC-528, ethion, Kelthane, and 
Am. Cyanamid 18706. As in 1955, parathion failed to 
hold the spider mite in check once a serious infestation 
had been established. 

Discussion.—Under conditions such as existed during 
1955 and 1957, the commonly recommended acaricide, 
parathion, was of little value for the control of the two- 
spotted spider mite. It is apparent that an effective pro- 
gram utilizing parathion on lima beans grown on Long 
Island must be a protective one, and cannot be delayed 
until such time when mite-feeding injury is clearly dis- 
cernible. Any delay in making treatment will tend to 
amplify the difficulty of control. This is especially true 
when the acaricide used has little residual persistence and 
is ovicidally ineffective. Even if complete destruction of 
adults and nymphs is accomplished, following a heavy 
buildup, a large number of eggs will have been laid and 
will serve as a constant reservoir for the production of 
new, motile forms. Under optimum conditions, these will 
soon propagate continual, destructive populations. 

Under conditions such as described, systemic com- 
pounds which reside within the plant tissues offer an 
excellent means of holding such population increases in 
check. Similarly, an acaricide with greater residual per- 
sistence or ovicidal activity than parathion would tend to 
provide more adequate control. 
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Probit Analysis on a Digital Computer' 


Rosert R. Soka, Department of Entomology, 
University of Kansas, Lawrence 


The statistical analysis of the results of insecticide tests and 
other bioassay work has long presented research workers with a 
dilemma where either choice was accompanied by decided draw- 
backs. The generally accepted method of analysis has been pro- 
bit analysis, discussed in greatest detail in a book of the same 
name by Finney (1952). While a number of approximate tech- 
niques are discussed there, the method recommended for all 
critical analyses, particularly when considerable heterogeneity 
of response occurs, is that of fitting a regression line by the 
maximum likelihood solution. This procedure, which starts 
with a provisional regression line obtained by eyefit, goes 
through an iterative series of computational steps which fit 
new regression lines to the data, representing successively closer 
approximations to the maximum likelihood solution. The iter- 
ative cycle is terminated when successive regression coefficients 
agree within a predetermined criterion or tolerance. In the ex- 
perience of the writer, working with DDT-resistance assays of 
Drosophila and Musca, two iterative cycles was the average 
number necessary to stabilize the regression coefficient within a 
tolerance of one standard error; four cycles was the greatest 
number ever required. 

While the computations are not inordinately complex they are 
quite tedious involving repeated table lookup and a considerable 
number of digits carried in the calculating machine. A skilled 
desk calculator operator can perform one iteration on six doses in 
about an hour including all necessary checks. Thus a typical com- 
putation involving six or seven doses will take the better part 
of an afternoon. When heterogeneity occurs in the data compu- 
tation time is increased somewhat and the formulae become 
more complex. 

Thus it is easily understood why workers have shied away from 
the complications and tedium of the maximum likelihood method 
and have welcomed the introduction of approximate methods, 
such as that of Litchfield & Wilcoxon (1949). These methods 
use initial approximations by eyefit and improve upon these 
with various more or less simple computations designed to ap- 
proach the maximum likelihood solution. Results from such 
methods will resemble those of the maximum likelihood solution 
when the data are evenly distributed to each side of the EDs 
and when there are few responses near 0 or 100 per cent. On the 
other hand, heterogeneity among the responses may result in 
serious departures from the maximum likelihood solution. Some 
of the more refined techniques, while yielding quite satisfactory 
results, begin to approach the comprehensive method in com- 
plexity and time necessary for execution. Hence the dilemma men- 
tioned above. 

The writer has had to process a great number of insecticide 
assays during work on the genetics of insecticide resistance. In 
order to assure accurate results and to obtain proper estimates 
of variances the maximum likelihood method was followed at 
heavy expenditure of time and funds. When the University of 
Kansas installed a digital computer one of the earliest programs 
prepared by the writer was a maximum likelihood solution for a 
probit analysis. The advantages of processing the data on a 
computer are impressive. A probit analysis involving 10 doses 
and set to iterate until successive regression coefficients were 
within 1/1000th standard error of each other took 95 seconds 
exclusive of the punching up of the original data (8 IBM cards) 
which took an inexperienced operator 10 minutes. A similar 
computation would have taken an experienced desk calculator 
operator the better part of a working day. Costs would vary 
with the circumstances but are roughly from one-fourth to one- 
eighth those of desk calculator computation. 

The program proceeds exactly as described in Finney (1952, 


chapter 4) except for the following adaptations to automatic 
computation, Symbols are the same as those used by Finney ex- 
cept where redefined below: 

(1) The expected probits, Y, are not obtained from an eyetit 
provisional regression line, but the provisional line is computed 
from the empirica probits, y, thus 


Snw(x-Z)(y-y) 
Y=a+ a —— i. 


Snw(a-%)? 


This feature results in an initial line which fits much better than 
the customary eyefit line. As a consequence stability is reached 
in fewer iterations. 

(2) In computing empirical probits for 0% and 100%, the 
machine replaces a zero frequency by 0.0065 and frequency r= 
n by (r—0.0005). This modification permits the evaluation of 
finite probit values for the two extreme percentages. These modi- 
fied percentages are also used in the computation of the working 
probits and thus, strictly speaking, working probits are never 
maximum or minimum. However, the approximations obtained 
by the present method are very close to the actual values. 

(3) Instead of table lookup the program employs approxima- 
tions for the normal curve given by Hastings (1955) which are 
significant to at least four decimal places. 

(4) Heterogeneity is tested by the chi square test. Normal 
operation of the program requires a 5% probability for a signif- 
icance test. If heterogeneity is present, the heterogeneity factor 
is automatically included at the apporpriate places in the com- 
putation. 

For the benefit of those persons wishing to prepare a similar 
program for their own digital computer figure 1 gives a flow chart 
of the computation as programmed. Punching of results is not 
indicated on the diagram. In the actual routine punchout of 
several final results and a large number of intermediate results 
is provided. 

Persons who have access to an IBM 650 Magnetic Drum Data 
Processing Machine equipped with indexing accumulators and 
floating decimal arithmetic are invited to request a copy of the 
program deck (called: Probit III) from the Computation Center, 
University of Kansas, Lawrence, Kansas. Those who do not have 
access to such a machine may inquire from the writer about the 
feasibility of having their data processed at the Computation 
Center of the University of Kansas. 

Starting with the procedures just described the writer has 
prepared additional programs for more complicated probit anal- 
yses. Probit V tests up to 10 insecticides simultaneously, fits 
parallel regression lines to the data and evaluates relative toxici- 
ties following section 20 in Finney (1952). This program can also 
be used to evaluate relative resistances of different genetic strains. 
Probit VI analyzes variation between batches exposed to the 
same dose as developed in section 42 in Finney (1952). A third 
routine, Probit LV, is used to prepare data for treatment by the 
two above-mentioned routines. 
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Killing and Fixing Lepidoterous Larvae With 
a Modified K.A.A.D. Mixture’ 


E. L. Atkins, Jr., University of California Citrus 
Experiment Station, Riverside 


It is almost mandatory that today’s entomologists be able to 
identify quickly economic species of insects in the injurious stages 
rather than to have to resort to the tedious, time-consuming 
procedure of rearing larvae to the adult stage for determination. 
Proper killing and preserving of insect larvae is therefore very 
important, especially if unfamiliar specimens are to be identified 
readily. It is very difficult and sometimes impossible to observe 
morphological characteristics in detail on discolored, distorted, 
or shriveled specimens. 

MATERIALS AND PROCEDURE. 
than 10 years lepidopterous larvae have been killed and fixed in 
K.A.A.D. mixture and then preserved in 80 to 95% ethyl al- 
cohol. The K.A.A.D. mixture which performs satisfactorily with 
over 50 species of leipdopterous larvae in the Pacific Coast 
States (primarily in California) is composed of the following in- 
gredients: kerosene (refined agricultural grade), 1 part; 95% 
ethyl alcohol, 8 parts; glacial acetic acid, 1 part; and dioxane, 
1 part. This mixture was adapted from Peterson (1943) and was 
chosen to fulfill the need of a general mixture for all lepidopterous 


In our laboratory, for more 


larvae encountered. 

The kerosene portion of the mixture is seldom completely mis- 
cible in this combination, and the dissolved fats from the im- 
mersed larvae tend to adhere to ‘he integument of the specimens 
unless removed by paper toweling or blotter paper before the 
specimens are preserved in alcohol. Therefore, various ways of 
correcting these undesirable characteristics were explored. In one 
such line of endeavor several emulsifiers were used singly or in 
combination, the most satisfactory being Triton X-100, an 
alkyl aryl polyether, and Triton B-1956, a modified phthalic 
glycerol alkyd resin (Rohm & Haas Company). When both of 
these surface-active agents are added to the K.A.A.D. mixture 
at the rate of 0.1% each, the resulting solution remains com- 
pletely miscible in storage and in use, and the dissolved fats from 
the treated larvae go into solution instead of adhering to the in- 
tegument of specimens. 

In the Laboratory.—The procedure used in the laboratory to 
obtain near-perfect specimens of Lepidoptera follows. The living 
larvae are placed in petri dishes containing enough modified 
K.A.A.D. mixture to cover them. As each larva becomes com- 
pletely distended and turgid it is transferred to a vial containing 
80 to 95% ethyl alcohol. (The author prefers 95% ethyl alcohol 
to prevent the possibliity of larval collapse.) Larvae which do 
not readily become distended in 5 minutes may be distended by 
grasping with forceps and gently shaking or stretching. 

Larger larvae are usually killed, fixed, and distended with more 
certainty if the modified K.A.A.D. mixture is injected into the 
larva through the integument, with the aid of a tuberculin or 
similar type of syringe and then returned to the petri dish for ap- 
proximately 30 minutes. This latter procedure also eliminates the 
possibility of larval discoloration after a few days. 

The length of time required to kill and fix specimens by these 
procedures usually is approximately 30 minutes if unused 
K.A.A.D. is used for each separate group of specimens; the 
author therefore discards the K.A.A.D. solution after each us- 
age. The smaller larvae usually need shorter periods of time to be- 
come completely distended and the larger larvae require longer 
periods. 

In the Field.—The procedure used in the field to obtain ade- 
quate specimens is somewhat similar to that used in the labo- 
ratory. The living larvae are collected in individual vials and after 
each collection is completed the members of each species are 
placed in a vial containing the modified K.A.A.D. mixture. To 
allow the larvae to become distended, the vial is placed in a hori- 
zontal position. The distending process may be facilitated by 
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shaking the vial gently but frequently, and sometimes by placing 
the horizontal vial on an automobile hood so that the heat of the 
sun and/or of the hood will warm the killing solution and thus 
hasten penetration. As soon as the majority of the specimens be- 
come adequately distended, the K.A.A.D. solution is discarded 
and replaced with 95% ethyl alcohol. The larvae which do not 
distend readily may be distended as explained above under lab- 
oratory procedure. 

Conciusions.—The two killing, fixing, and preserving pro- 
cedures described above will quickly kill and adequately fix 
specimens of Lepidoptera for identification purposes. They will 
be distended and free from discoloration and will remain turgid 
indefinitely during storage in 95% ethyl alcohol. Such adequately 
treated specimens will become slightly inflated, so that the 
mouth parts, glands, prolegs and their crochets, and the setal 
arrangement and other armature are revealed. Most specimens 
treated with K.A.A.D. solution lose the green portion of their 
coloration, but this does not cause a pertinent hindrance to iden- 
tification. 

This particular modified K.A.A.D. formula may not prove de- 
sirable for use with other insect species, especially for lightly 
chitinized larvae such as those of the Diptera. For killing-fixing 
mixtures and adjustment of mixtures as to the proportion of in- 
gredients for treating other specific groups of insects, the reader 
is reverred to Peterson's book on Larvae of Insects (1948). It is 
possible that the addition of the two surface-active agents Triton 
X-100 and Triton B-1956 to the other killing-fixing mixtures 
listed by Peterson will improve miscibility, penetration, and 
other properties equally well. 
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The Function of the Fish and Wildlife Service 
in Insect Control Programs’ 


James B. DeWrrr? 


The Fish and Wildlife Service has as its basic philosophy the 
concept that our wild animals, birds and fish constitute valuable 
economic and esthetic assets which are capable of yielding in- 
creased returns through proper handling, but may be diminished 
by abuse or indiscriminate exploitation. In accordance with this 
concept, the agency has been charged with responsibility for 
carrying out provisions of laws designed to increase stocks of 
fish and wildlife, resist depletion, and extend the use of these 
living resources. 

Very few, if any, operations for the control of insect pests are 
designed for the protection or preservation of wildlife interests. 
For the most part, such operations involve the introduction of 
toxic substances into wildlife habitats, where the native species 
may come into intimate contact with freshly applied sprays or 
their residues, or ingest these materials with their foods. Meas- 
ures which have been adopted to prevent insecticidal damage to 
man and domestic animals are not applicable for the protection 
of wild forms, since it is not possible to exclude birds and animals 
from treated areas, or to insure that the insecticide content of 
wildlife foods falls within the limits of established tolerances. 
Under the circumstances, it is obvious that extensive, heavy or 

1 Presented at the Fifth Annual Meeting of the Entomological Society of 
America held at Memphis, Tenn., December 2-5, 1957. Accepted for publica- 


tion February 10, 1958. 
2 United States Department of the Interior, U. S. Fish and Wildlife Service, 
Bureau of Sport Fisheries and Wildlife, Laurel, Maryland. 
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repeated applications of insecticides might endanger wildlife 
populations, and there is evidence that damage has occurred in 
some instances. 

In its role as a conservation agency, the Service has endeavored 
to appraise these reports, make observations of results of control 
operations, conduct laboratory and field tests to determine 
toxicity and potential hazards of various insecticides, and to aid 
in the development of information, methods and materials which 
would permit adequate pest control combined with minimum 
hazards to wildlife. The work began at the time DDT was first 
introduced, and as early as 1945, employees of the Fish and 
Wildlife Service had determined its toxicity to various wildlife 
species, and studied effects of field applications under varying 
conditions of use. 

One of the first reports showed that single applications of 5 
pounds per acre resulted in heavy losses of birds, but that single 
applications of 2 pounds per acre caused relatively little immedi- 
ate damage to most bird species. Subsequent investigations es- 
tablished that fish are highly sensitive to this compound, and 
that some species are damaged by single applications in excess of 
0.2 pound per acre of oil solutions to open water areas. Young 
birds, mammals and fish were found to be more susceptible than 
adults, but the results of these early studies indicated that rela- 
tively little damage to wildlife would result from insecticidal 
applications of DDT, provided the use rate did not exceed the 
indicated limits, and that the time of application did not coincide 
with the brooding period of most birds. 

DDT was known to leave persistent residues, and to be cumu- 
lative in action, so studies were undertaken to determine effects 
of repeated applications, or of prolonged exposure to residues. 
It was found that although a single application of 2 pounds per 
acre had little effect upon most bird species, 5 such applications 
at yearly intervals resulted in a 26% decrease in numbers of 
nesting birds. This suggested that the compound might present 
hazards not readily discernible in short-term observations, and 
laboratory experiments were set up to investigate this possibility. 
Penned quail and pheasants were fed diets containing DDT at 
levels which would permit survival for extended periods. Part of 
the chicks from these birds were fed DDT immediately after 
hatching; others were fed insecticide-free diets. 

The experimental outline called for rearing three successive 
generations under conditions of continuous exposure to insecti- 
cides. Feeding of diets containing 100 p.p.m. DDT to quail prior 
to, or during the breeding season had relatively little effect upon 
numbers of eggs produced, or chicks hatched. However, chicks 
from these birds had unusually high mortality rates during the 
first 6 weeks, and less than 10% reached maturity, even though 
these chicks were fed on insecticide-free diets. More than 80% of 
chicks from normal parents survived under these conditions. 
When DDT was included in the growth diet, all chicks from the 
insecticide groups died, while 70% of chicks from the control 
groups survived. Feeding of DDT to pheasants resulted in re- 
duction in numbers of eggs and chicks, but had only slight effects 
upon chick viability. 

The studies were then extended to other insecticides, and acute 
and chronic toxicities determined. Aldrin and endrin were found 
to be highly toxic to young quail (up to 100 to 200 times more so 
than DDT), and were lethal in concentrations of as little as 
0.5 p.p.m. Lindane, dieldrin, heptachlor, and chlordane were 
more toxic than DDT, while methoxychlor was tolerated for 
extended periods at concentrations of 500 or 1000 p.p.m. All of 
these compounds affected reproduction of both quail and pheas- 
ants by reducing production, fertility or hatchability of eggs, or 
viability of chicks. Young birds fed these materials grew at 
reduced rates during the first 8 or 10 weeks. 

These laboratory findings establish that prolonged exposure to 
various insecticides could result in depletion of wildlife resources, 
either through direct mortality of breeding stock or through im- 
pairment of reproduction. Quantitative verification of these find- 
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ings under field conditions is extremely difficult, and efforts in 
this direction have been handicapped by shortage of trained 
personnel. However, there are a number of authenticated reports 
that bird and fish populations have been damaged by insect con- 
trol operations. 

The final phase of activities of the Fish and Wildlife Service in 
the field of insect control deals with the development of means 
for minimizing the involved hazards to wildlife. In many cases, 
the available information is incomplete, and only general recom- 
mendations can be made. These include: 

1. Rates of application should be held to a minimum; in 
forested sites they should not exceed the toxicity equivalent of 
2 pounds of DDT per acre in oil solution to avoid significant loss 
of birds and of 1 pound of DDT per acre to avoid significant loss 
of fish. 

2. Direct application to streams and other bodies of water, or 
to areas where rapid leaching might occur, should be avoided, 
unless the rate of application is less than the toxicity equivalent 
of 0.2 pound of DDT in oil solution per acre. Smaller quantities 
of DDT in an emulsion should be used because of the greater 
toxicity of this formulation to many aquatic animals. 

3. Careful ground-to-plane control should be provided to in- 
sure even coverage and to prevent local overdosage. 

4. Application during the migration, nesting and brooding 
periods of birds should be avoided as far as possible. 

More recent recommendations for forested areas include: 

1. Insect infestations should be sprayed before they reach 
upper drainage areas. 

2. Insect control programs should be undertaken before in- 
festations cover large acreages of forest land. 

3. Wherever practicable, spraying around the edge of lakes 
should be done with small planes and when wind velocity is low. 

4. Spraying should be carried out so as to avoid airplane turns 
over streams. 





Sleeve Tests with Malathion Powders against 


DDT-Resistant Body Lice’ 


M. M. Cote, P. H. Cuark and D. E. Werpuaas,? Entomol- 
ogy Research Division, Agr. Res. Serv., U.S.D.A. 


Malathion was reported by Cole & Burden (1956) to be highly 
effective against DDT-resistant body lice (Pediculus humanus 
humanus L.) in tests off the host. Sleeve tests on human subjects 
with malathion powders against lice from the extremely DDT- 
resistant Korean A colony (Cole et al. 1957) are described herein. 

Malathion was tested at concentrations from 0.1 to 1%; lin- 
dane and synergized pyrethrum were tested concurrently as 
standards of comparison. Pyrophyllite was the carrier in all 
powders. Sleeves of knitted cotton underwear cloth 1 square foot 
in area were treated with 3 grams of powder. The powder was 
sprinkled over the inner surface of the sleeves from a salt shaker 
and rubbed into the cloth by hand. The upper and lower ends 
of the sleeves were fastened with elastic adhesive tape to the 
arms or legs of the subjects. After 3 days, and at semiweekly 
intervals thereafter, 25 adult lice were placed in each sleeve, and 
the mortality was recorded after 24 hours. The sleeves were worn 
continuously as long as the treatment caused at least 75% mor- 
tality. 

Since malathion had not been cleared toxicologically for use on 
humans, only one sleeve treated with it was worn by a subject at 
a time, although non-organophosphorus insecticides were tested 
concurrently on the other limbs. Blood plasma and _ red-cell 


1 Accepted for publication June 18, 1958. 

2 The authors acknowledge the advice and cooperation of Lt. Col. Edward J. 
Dehne, M.C., commanding officer, and Anthony M. Ambrose, pharmacologist- 
toxicologist of the U.S. Army Environmental Health Laboratory, Army 
Chemical Center, Md, 
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Table 1.—Effectiveness of malathion powders and two 
standard louse powders in sleeve tests. 





Per Cent Mortanity in SLEEVES WorRN 
MATERIAL AND ror Days INpIcATED 
Per Cent 
CONCENTRATION 3 3 10 13-14 17 
Malathion 1.0 100 100 100 
6 100 100 94 
.25* 100 { 89 78 
PS 100 ‘ 58 


Pyrethrins 0.24 


sulfoxide 2.0 100 99 


Lindane 1.0 99 





® Four replications, all other data based on eight replications. 


cholinesterase activity were determined before and at weekly 
intervals during the tests and for 3 weeks afterward. The Michel 
(1949) electrometric method was used. The U. S. Army En- 
vironmental Health Laboratory, Army Chemical Center, Mary- 
land, provided consultation in interpreting the significance of 
cholinesterase activity determinations. The lowest concentration 
of malathion was tested first, and successively higher concentra- 
tions were tried as soon as it was evident that no unfavorable 
effects had appeared. 

The results are presented in table 1. Powder containing 1% 
of malathion was effective longer than the synergized pyrethrins 
at 0.2%, but the pyrethrins powder was effective longer than 
malathion at 0.5% or less. Lindane at 1% was effective for the 
shortest period. 

The levels of cholinesterase activity in the subjects did not 
decrease appreciably. Some variations occurred, but they did not 
exceed those found in two control individuals who received no 
treatment. No visible reactions were observed, and the subjects 
reported that they experienced no ill effects from these limited 
exposures. Since approximately 1 ounce of louse powder is an 
average treatment for the entire clothing under practical condi- 
tions, 3 grams per sleeve was only about one-ninth the normal 
dosage. This report is therefore not to be construed as a recom- 
mendation for the use of malathion on humans; such a recom- 
mendation must await additional pharmacological studies. 

REFERENCES CITED 

Cole, M. M., and G. S. Burden. 1956. Phosphorus com- 
pounds as ovicides and adulticides against body lice. 
Jour. Econ, Ent. 49(6): 747-50. 

Cole, M. M., M. D. Couch, G. S. Burden, and I. H. Gilbert. 
1957. Further studies on resistance of human body 
lice to insecticides. Jour. Econ. Ent. 50(5): 556-9. 

Michel, H. O. 1949. An electrometric method for the de- 
termination of red blood cell and plasma cholin- 
esterase activity. Jour. Lab. and Clin. Med. 34: 

1564-8. 


Effect of a Combination of Unrelated Syner- 
gists on the Toxicity of Pyrethrins to 
Body Lice and House Flies' 


M. M. Coxe and H. G. Witson, Entomology Research 
Division, Agr. Res. Serv., U.S.D.A. 


Many compounds that are synergistic with pyrethrins and its 
synthetic relatives are derived from the piperonyl group. Many 
of these compounds have been tested in recent years at the 
Orlando, Fla., laboratory of the Entomology Research Division. 
Some of the results have been reported by Eddy et al. (1954), 
Burden & Cole (1956), and Barthel & Alexander (1957). This 
note reports the results of an experiment to determine whether a 
combination of two chemically dissimilar compounds as syner- 
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Table 1.—Residual effectiveness of sulfoxide and IN-930, 
individually and in combination, as synergists for pyrethrins 
against body lice.* 








Per Cent Mortanity on Inpicatep 

Per Cent CONCENTRATION Days Arrer TREATMENT 
Pyrethrins Sulfoxide IN-930 Initial 3 10 14 

0.025 0.025 100 

05 0 100 100 

05 100 75 45 

025 0 100 i 10 

0 025 100 5 15 

0 0 25 — - _- 

0 0 0 0 


0.005 


0 





® Twenty lice per test. 


gists for pyrethrins would increase the toxicity more than either 
synergist used individually. IN-930 (N-isobutylundecenamide) 
was combined with sulfoxide (1,2-methylenedioxy-4-[2-(octyl- 
sulfinyl)propyl|benzene) in tests against body lice (Pediculus 
humanus humanus L.) and with piperonyl butoxide (alpha-(2- 
(2-butoxyethoxy) ethoxy] -4,5- methylenedioxy-2 - propyitoluene) 
against house flies (Musca domestica L.). The tests against body 
lice were conducted according to the beaker method (Eddy et 
al, 1954), and those against house flies by the wind-tunnel 
method (Labrecque & Wilson 1957). 

The results with body lice are given in table 1 and those with 
house flies in table 2. Against body lice, the combination of sul- 
foxide and IN-930 was no more effective than sulfoxide individ- 
ually at an equal concentration of total synergist, but was 


1 Accepted for publication June 23, 1958. 
Table 2.—Effectiveness of piperonyl butoxide and IN-930, 


individually and in combination, as synergists for pyrethrins 
in contact sprays against house flies.* 








Per CENT CONCENTRATION Per CENT 

—— —----—- Knock- Per CENT 
DOWN KILL IN 

IN 1 Hour 24 Hours 


Piperony] 
Butoxide 


Pyrethrins 


IN-930 
0.1 0 1. 100 73 
.05 6 ; 98 13 
.25 : 77 13 

28 0 


100 93 
97 71 
92 11 
45 


0 
0 
0 
0 


0 0 





Duplicate tests of 20 females each. 
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more effective than IN-930 individually. Likewise, against 
house flies, the combination of piperonyl butoxide and IN-930 
was no more effective than piperonyl butoxide individually, but 
was better than IN-930 individually. 
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An Application of Multiple Regression to 
Comparisons of Several Meadow 
Spittlebug Insecticides’ 


C. R. WEAVER, 
Ohio Agricultural Experiment Station, Wooster 


During the seasons of 1952 to 1956, forty-one experiments were 
conducted to investigate the effectiveness of various insecticides 
for control of the meadow spittlebug, Philaenus leucophthalmus 
(L.). One hundred and ninety-eight observations were made in 
which several variables were recorded. The variables included 
(1) the spittlebug nymphs per stem after treatment, (2) the con- 
centration of the insecticide, (3) gallonage of water per acre, (4) 
height of the crop, (5) time of application, (6) check insects 
per stem, and (7) the insecticide used. 

So that the variables would have a linear relationship, they 
were coded in the fellowing way. The concentration was coded 
as one if the concentration used was the “standard” amount. 
The standard will be defined below. Other concentrations were 
expressed as a fraction of the standard, e.g., 0.56X, 1.2X, 2.0X, 
etc. Gallonage was expressed as the square root of the gallons per 
acre used to deliver the insecticide. The height of the crop was 
expressed in inches. The time of application was coded as 1, 2, or 
3 if the application was made at hatching, hatching plus 10 days, 
or hatching plus 20 days, respectively. These times can be desig- 
nated as early, optimum, and late. The insects per stem on the 
untreated check were expressed to two decimals since nearly all 
observations were based on four replicates of 25 stems each. 
The insecticide was coded as zero if absent and one if present. 
Only one insecticide was used in a treatment. No combinations 
were present. 

After coding, the observations were used to solve a multiple 
regression equation that involved the nymphs per stem as the 
dependent variable. Six insecticides, concentration, gallonage, 
height of crop, time of application, and check infestation were in- 
cluded as 11 independent variables. The multiple regression 
equation was solved in a way similar to that described in Ostle 
(1954). The regression coefficients computed are shown in table 1. 

\ll of the independent variables contributed significantly to 
the variation in the dependent variable except height of crop 
and gallonage. These factors probably are significant only as 
they interact with insecticide. Interactions were not included in 
the regression equation, so variability due to these causes was 
not aecounted for. 

The multiple regression equation can be used for predicting 
the nymphs per stem remaining after treatment under a given 
set of conditions. As an example we define the following condi- 
tiois: a 4-nymph per stem infestation, sprayed with 9 gallons of 
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Table 1.—Statistics from the multiple regression compu- 
tations. 








STANDARD 
DEVIATION 
OF 
REGREs- REGREs- 
SION COEF- SION COEF- 
INDEPENDENT VARIABLE MEAN FICIENT FICIENT 
BHC 0.28 —2.011 0.265 
Strobane .08 —1.650 .326 
Toxaphene .23 —1.904 . 266 
Methoxychlor 14 —1.987 . 282 
Endrin 12 — 2.028 .303 
Heptachlor 08 —0.817 326 
Concentration 95 —0.470 .142 
/Gallonage/acre 3.58 —0.022 .040 
Height (inches) 8.76 +0.018 026 
Time 1.98 —0.573 “EFF 
Check (nymphs per stem) 3.95 +0.105 031 
Intercept +3.301 








Table 2.—Spittlebug nymphs per stem and control with 
‘‘standard’”’ doses of insecticides.* 








PouNpbs 
TTOXICANT 
PER ACRE 


Per CENT 
CONTROL 


NYMPHS 


INSECTICIDE PER STEM 


0.291 92. 


Endrin 0.20 7 
BHC 0.25 .308 92.3 
Methoxychlor 1.00 . 332 91.0 
Toxaphene 1.50 415 89.6 
Strobane 1.00 . 669 83.3 
Heptachlor 0.50 1.032 74.2 
Heptachlor 0.25 1.502 62.5 





® See text for experimental conditions. 


water per acre when the crop is 10 inches high, 10 days after 
hatch (optimum time). In table 2 is listed the prediction for the 
“standard” concentration of insecticides plus 2X heptachlor, 
the standard for which was probably set too low. 

The per cent control based on the prediction from the re- 
gression equation may now be used as a basis for evaluating the 
performance of an insecticide over a wide range of conditions. 


REFERENCE CITED 
Ostle, B. 1954. Statistics in research. Iowa State College 
Press. 
1 Accepted for publication June 30, 1958. 


Yellow Fever Vectors in Dallas, Texas’ 
9 


Ernest W. Laake, City Entomologist, Dallas 
Public Health Department, Dallas, Texas 


The virus of jungle yellow fever has been moving northward 
along the Atlantic coast area from South and Central America 
toward the United States at a remarkably steady and rather 
rapid rate. If the rate of progress northward continues at the 
same speed per year as it has during recent years yellow fever 
may be reintroduced into the United States by 1960. 

The disease in epidemic form was apparently present in Brazil 
as early as 1932 and later moved northward into Colombia. By 
1948 it had spread northward to Panama where cases occurred 
in both man and monkeys. Costa Rica was invaded in 1951 and 
1952, Nicaragua in 1952 and 1953, Honduras in 1953 and 1954 
and Guatemala in 1955 and 1956. Conditions in Mexico are so 


1 Accepted for publication June 2, 1958, 
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Table 1.—Treehole-breeding mosquitoes collected in Dallas, Texas, 1957-58. 





SPECIES 
Aedes: 

triseriatus (Say) 

zoosophus Dyar and Knab 
Anopheles barberi Coq. 
Culex quinquefasciatus Say 
Ortho podomyia: 

alba Baker 

signifera (Coq.) 


Toxorhynchites rutilus (Coq.) 


NuMBER Co.uections ALt BREEDING PLACES 


1957 


June July Aug. Sept. Oct. Nov. Dee. 


1958 


Jan. Feb. Mar. Apr. 


0 0 





favorable for the virus to continue northward to Texas that its 
progress is not likely to be delayed or stopped. 

In South and Central America the virus of jungle yellow fever 
is known to occur in monkeys and there is ample evidence now 
that marsupials, especially opossums are also capable of main- 
taining the virus reservoir in nature. 

Two groups of mosquitoes, Aedes aegypti (L.) and several 
species of Haemagogus are concerned in the epidemiology of yel- 
low fever. Most of the H/aemagogus species are treehole breeders. 
They are usually referred to as jungle mosquitoes, and transmit 
the virus to jungle animals and also to man on exposure to these 
species in the jungle. When jungle yellow fever cases are brought 
to urban areas our common yellow fever mosquito A. aegypti, 
which breeds in all types of small containers, especially in dis- 
carded automobile tires, in Dallas, Texas (Laake 1956) and often 
within family homes, is the vector that spreads jungle yellow 
fever in urban areas. 

When the jungle yellow fever virus is transmitted to man by 
Haemagogus and is subsequently spread in urban areas by A. 
aegypti the disease is then called urban yellow fever. Urban and 
jungle yellow fever are clinically identical. 

Haemagogus equinus Theobald first collected near Brownsville 
in 1955 by Trapido & Galindo (1956a) is the only species of 
Haemagogus known to be present in southern Texas. According 
to Breland (1957) this species has been recovered on at least 
three occasions since that time. This species bites man; it has 
transmitted yellow fever in the laboratory and according to Bre- 
land’s report the virus of yellow fever was discovered from speci- 
mens taken in nature. 

In view of the recent discoveries that, in the absence of mon- 
keys, opossums and possibly even rodents serve to maintain the 
jungle yellow fever virus reservoir in nature (Trapido & Galindo 
1956b) and that Haemagogus is present in the lower Rio Grande 
Valley and A. aegypti is well established over most of the State, 
the reintroduction of yellow fever into Texas is possible and may 
very likely become a reality in the not too distant future. 

In Dallas, Texas, the City’s Public Health Department has 
studied the local mosquito fauna for several years. We have been 
anxious to determine the presence of all the species that are 
known to be vectors of human diseases. The results of our 1955 
survey showed that the urban yellow fever vector, A. aegypti, was 
breeding in Dallas every month during May to November, in- 
clusive. During 1957, an unusually wet year and one most favor- 
able for treehole-breeding species, the City’s Public Health 
Department initiated a special study of the treehole-breeding 
mosquitoes primarily to determine whether Haemagugus species 
were present locally. The species we collected from treeholes and 
their seasonal appearance and abundance are shown in table 1. 
We are deeply grateful to Dr. Richard B. Eads, In Charge, Sec- 


tion of Entomology of the State of Texas Department of Health, 

and his staff for the specific identification of all our collections. 

The two species of Aedes, one of Anopheles, two of Orthopodo- 
myta, which are not known to carry diseases of man, and one of 
Toxorhynchites, a species that does not bite, listed in table 1 are 
known to be common treehole breeders, but Culex quinque- 
fasciatus Say, a very common species locally and a vector of 
human encephalitis was not thought to be a treehole breeder. 
Adults of Anopheles barber Coq. have been taken in light traps 
in Texas ear''er, but ours apparently is the first collection of 
barberi larvae in the state. 

It was not known before our 1957 survey whether Haemagogus 
was established in the Dallas area. Since none was found during 
the survey period of 1 year, one that was unusually favorable for 
treehole-breeders, Haemagogus is not likely to become directly 
concerned in the epidemiology of yellow fever in the Dallas area. 

Should yellow fever be reintroduced into the United States its 
entry would most likely be in the Southern Texas area. Yellow 
fever could be introduced without warning and its spread by A. 
aegypti to other areas in the State remains a real threat and merits 
the growing attention it is receiving from the United States, 
State and Municipal Public Health Departments. 
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Water Drinking by the Larva of the 
European Corn Borer* 


KENNETH MELLANBY, 
Rothamsted Experimental Station, Harpenden, England 


The larva of the European corn borer, Pyrausta nubilalis 
(Hbn.), can withstand low temperatures during the winter in 
Minnesota, but in spring it becomes less resistant (Barnes & 
Hodson 1956). This change in cold resistance is associated with a 
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rise in body water content, which Barnes and Hodson found oc- 

curred when “contact moisture” was present, and when the en- 

vironmental temperature rose above 5° C. Recently it has been 
shown (Mellanby & French 1958) that many insect larvae, which 

previously had been thought did not drink water (Leclereq 1946, 

Edney 1957), do in fact drink readily when they have some phys- 

iological need for water. Mellanby and French refer to the work 

of Barnes and Hodson, and suggest that it was probable that 
their results could be explained by drinking and not, as has 
usually been assumed, by the absorption of water through the 
cuticle. At the time of writing their paper, Mellanby and French 
had no living corn borer larvae available to test this hypothesis. 

Recently I received, by the kindness of Mr. D. Ollevant of 
Morden, Surrey, England, some over-wintering larvae of 
Pyrausta nubilalis in stems of Artemesia vulgaris. In December 
some individual larvae were put in contact with water at room 
temperature (about 16° C.). The larvae were quite active, but 
they did not drink, nor did they absorb water through the cuticle. 
The insects were then kept at 5° C. until the following June, 
when some further larvae were removed from the stems and 
put into containers with drops of water present. The temperature 
was again about 16° C. Now many of the larvae took up water 
rapidly, and individuals were seen to be “drinking.” Thus in one 
experiment in 1 hour six out of eight individual larvae imbibed 
an average of over 10 milligrams of water, equivalent to 14% of 
their original weight. The other two larvae, though they walked 
through the water and their cuticle became wet, did not seem 
to be “thirsty” and they took up no water. 

The same eight larvae were given access to water for a further 
24 hours. Two individuals, which had drunk in the previous ex- 
posure, took a further 9 milligrams each. None of the other lar- 
vae, though they became quite wet, took any more water, and 
the body weights of these larvae remained the same during this 
period, 

The fact that these larvae can lie in contact with water without 
absorbing any suggests that water is never absorbed through the 
cuticle in any substantial amounts. Where absorption does take 
place through this route in other animals, it cannot be stopped 
until the body fluids become nearly isotonic with the liquid out- 
side the body, and such animals can only maintain a constant 
body weight by passing a copious watery excretion. These corn 
borer larvae did not excrete in this way. The increase in water 
content, when it does occur, would therefore seem to be due to 
drinking, and to be a process which is under the control of the 
nervous system of the insect. 

REFERENCES CITED 

Barnes, D., and A. C. Hodson. 1956. Low temperature 
tolerance of the European Corn Borer in relation to 
winter survival in Minnesota. Jour. Econ. Ent. 49: 
19-24. 

Edney, E. B. 1957. The water relations of terrestrial arthro- 
pods. Cambridge Monographs in Experimental 
Biology No. 5. 

Leclercq, J. 1946. Des insects qui boivent de l’eau. Bull. 
Ann. Soc. Ent. Belge. 82: 71-75. 

Mellanby, K., and R. A. French. 1958. The importance of 
drinking water to larval insects. Ent. Expt. and Appl. 
1: 116-24. 


Screntiric Nores 745 


Survival and Emergence of Boll Weevils from 
Several Areas under Similar Hibernating 
Conditions’ 


R. E. Fye,? A. R. Hopxiys,? W. W. McMritian,? and 
R. L. WALKER 


Examinations of surface woods trash from near the previous 
season’s cotton fields to determine the number of boll weevils 
(Anthonomus grandis Boh.) in hibernation during the winter and 
the per cent that survive in the spring have been made at various 
locations in the Cotton Belt for many years. In November 1956 
trash was collected from several areas in the Carolinas and Vir- 
ginia and brought to Florence, S. C., for examination. All the 
weevils collected in each area were placed in an 8-inch cylindrical 
wire cage containing woods trash and put back in hibernation at 
Florence. The areas from which the collections were made were- 

(1) Orangeburg, Dorchester, and Bamberg Counties, S. C. 

(2) Florence, Darlington, and Marlboro Counties, 5. C., and 
Scotland County, N. C. 

(3) Spartanburg, Greenville, and Anderson Counties, S. C., 
and Mecklenburg, Cleveland, and Union Counties, N. C. 
Wilson, Nash, Franklin, and Edgecombe Counties, N. C. 
Southampton, Nansemond, Brunswick, and Mecklenburg 
Counties, Va. 

During the regular spring examination to determine the sur- 
vival based on the November results, the cages containing the 
rehibernated weevils were also examined. The surviving weevils 
from the cages were placed back in hibernation, and on May 1 
the small cages containing them were put inside of 4-cubic-foot 
screen cages, the ends opened, and the weevils allowed to emerge. 
The results are summarized in table 1. 

At the time of the March examination, survival in the cages 
was about the same as that in the woods from all areas except 
Virginia (area 5), where survival in cages was much higher. This 
suggests that weevils entering hibernation in the northern area 
are conditioned to survive under more severe winter conditions 
than occurred at Florence. 

The high mortality in the rehibernated weevils between the 
March examinations and final emergence might have been due 
in part to disruption of normal hibernation at the time of exam- 
ination, when following several months of dormancy they were 
suddenly subjected to high temperatures to activate them and 
immediately put back in hibernation. 

The relative periods of emergence of the rehibernated weevils 
from the different areas are shown in figure 1. The weevils from 
area 1 emerged much earlier than those from area 5, the re- 
spective percentages on June 1 being approximately 90 and 30. 
Emergence from the other areas was intermediate between these. 
The delayed emergence of the Virginia weevils suggests an eco- 
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Table 1.—Survival and emergence of hibernating boll 
weevils collected from woods trash from several areas and 
put back in hibernation at Florence, S. C. 








Per Cent 
SURVIVING 
IN Marcu Per Cent 
—————- EMERGING 
FROM CAGES 
Arter May 1 


NuMBER Put - 
Back IN In In 


AREA HrBerNaTION Cages Woods 





67.2 68.0 9 
54. 33.0 &.8 
63. 77.6 23.5 
55. $2.$ .6 
86. 29.0 1 
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Fic. 1.—Final emergence of rehibernated boll weevils from 
several areas at Florence, S. C., May to July 1957. 


logical adaptation prior to entering hibernation so that they 
would emerge in the spring under conditions of weather and plant 
growth that would insure their survival and procreation. 


Control of Horn Flies in the Rio Grande Valley 
of Texas with Bayer 21/199 Sprays’ 


H. M. Brunprett,? James A. Deer,’ and O. H. Granam? 


The organic phosphorus compound Bayer 21/199 was shown 
to be a systemic insecticide capable of controlling first-instar 
common cattle grubs (Hypoderma lineatum (De Vil.)) by tests 
conducted at Kerrville, Texas, in 1956 (Brundrett e¢ al. 1957). 
The compound was also known to control many other insects, 
including house flies (Musca domestica L.), by its action as a 
contact insecticide. As soon as the data from these and other 
cattle grub tests conducted during the fall and winter of 1956-57 
became available, it was obvious that Bayer 21/199 should be 
tested against the horn fly (Siphona irritans (L.)), as there was 
a possibility that the spray treatment of animals in the summer 
would control horn flies and cattle grubs simultaneously. 

In the Lower Rio Grande Valley horn flies are often abundant 
in the late winter and early spring, but in 1957 populations were 
reduced because of dry weather. It was not until after rain fell 
in March that populations increased to such a point that tests 
could be initiated. 

A small herd of beef cattle near Mission, Texas, was sprayed 
with 0.25% Bayer 21/199 on April 15 for the first. test against 
horn flies. A bull and five cows were each carrying 300 to 500 flies 
prior to treatment, but the other 25 animals had fewer flies. It 
was estimated that the herd averaged 50 flies per animal. 
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A power sprayer operating at a pressure of approxiniately 
300 pounds per square inch was used to apply slightly over 9 
quarts per animal. The flies appeared to be repelled by the freshly 
applied spray, but they returned to the cattle as soon as the hair 
was partly dry. No knock-down of flies was noted within | hour 
after the spray was applied. When the herd was examined the 
next day, after about 20 hours, no living flies were found, indi. 
cating that the initial control was 100%. 

No untreated herd was located sufficiently close to this herd 
that could be considered as a control for the test. However, horn 
flies were increasing in number on several herds in the Rio 
Grande Valley after the test was started. Flies were first noted 
on the treated animals 3 weeks after spraying, and at 4 weeks the 
counts were approximately double the pretreatment counts. On 
June 24 the herd was re-treated with 0.5% Bayer 21/199. This 
second application also protected the cattle from horn fly attack 
for 3 weeks, but failed at the end of 4 weeks. 

On May 7 and 8 three other herds were sprayed with the fol- 
lowing materials: 0.25% and 0.5% Bayer 21/199 and 0.5% 
methoxychlor. No attempt was made to count the flies on each 
animal, but average estimated counts were obtained by grouping 
the cattle in categories of infestation, such as 0 to 50 flies, 50 to 
250 flies, and so forth. 

The 0.5% spray acted much faster than the 0.25%, as some 
flies died within an hour. In tie herd receiving this spray the 
average number of flies prior to treatment was estimated at 
1500 per cow. The initial control was 100%. Counts made 16 
days later gave an average of one fly per cow. The infestation 
gradually built up until 140 flies per cow were counted on the 
48th day after spraying. A second application made at that time 
equaled the first in initial effectiveness, but lost its effectiveness 
between the second and fourth week after treatment. 

Pretreatment counts in the herd that was sprayed with 0.25% 
Bayer 21/199 averaged 825 flies per cow. At the end of 48 days 
the average infestation was two flies per cow. This herd was then 
resprayed with the same concentration. When the test was dis- 
continued 30 days later, counts did not average more than one 
fly per animal. 

The methoxychlor-treated herd had an initial infestation of 
approximately 50 flies per animal. Fourteen days after the first 
spray the average was one fly each. At the time of retreatment 
7 weeks later the average infestation was five flies. The second 
treatment gave almost complete control until the test was dis- 
continued 30 days later. Since horn fly populations on this farm 
were never high, it appears probable that this herd was sub- 
jected to less reinfestation pressure than the other treatments. 

An untreated herd was maintained as a check for 30 days ina 
pasture adjoining the herd treated with 0.5% Bayer 21/199, but 
fly populations increased to the point that most of these cattle 
were carrying 500 to 1000 or more flies each, and it was necessary 
to spray this group. 

By June 25 the 0.5% Bayer 21/199 spray had failed to such 
degree that it was necessary to re-treat the cattle. The three 
herds that were first sprayed on May 7 were resprayed with the 
same insecticides on June 25. One month after this treatment 
the animals receiving 0.25% Bayer 21/199 and methoxychlor 
were almost completely free of horn flies, but those that received 
the 0.5% Bayer 21/199 were carrying an average of 75 flies per 
animal. It is believed that this herd was subjected to greater re- 
infestation pressure. 
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